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In a paper (1) from this Institute published 20 workers who, either from choice or professional ne- 
years ago attention was drawn to the very distinct cessity, wash a good deal; and the agricultural workers 
social distribution of cancer of the scrotum. The data’ who, although they may be no more cleanly than 
were derived from the death certificates of the 921 town dwellers of similar social standing, are not ex- 
cases of cancer of the scrotum and cancer of the penis, posed to the dirt of towns, which consists largely of 
reported from England and Wales in 5 years (1913, soot. Thus, if one assumes that cancer of the penis is 
1914, 1921-23). As neither the numbers of males en- distributed fairly equally among all classes of workers, 
gaged in the various occupations nor the age distribu- it would seem possible that cancer of the scrotum is 
tions were then available, a preliminary survey was influenced by exposure to coal smoke; in other words, 
attempted by calculating the ratio of the cases of these — possibly all town dwellers are in some very slight 
two forms of cancer to one another. Data that have degree liable to chimney-sweeps’ cancer.” 
come to light since then, showing that the incidence Class 7 evidently required further study. The rough 
of cancer of the penis is comparatively uniform in the classification adopted might have included in this 
different Social Classes (Table V), make clear that class men who in earlier life had been exposed to 
this basis of comparison was not so defective as it carcinogenic agents; e.g., in the textile industry. And 
appeared at the time. The occupations of the 921 the absence of the highest, that is to say richest, pro- 
persons were grouped in 8 classes (Table 1), of which _ fessional occupations among the cases of scrotal cancer 
the first 3 comprised those where there is especial became apparent. A special study of this matter, cov- 
exposure to known carcinogenic materials. ering the 25 years 1911 to 1935, was made, and the 

In the first 3 of these classes cancer of the scrotum result included in a paper in a publication that is 
is more frequent than that of the penis, as one would now hard to obtain (3). We have now extended the 
expect. The ratio, cancer of the scrotum:cancer of the study to include the 30 years, 1911-40, and have 
penis is 1:20 in the agricultural workers, who are obtained the following results. 
mostly agricultural laborers, and is nearly 8 times The total number of deaths in this period from 
greater, or 1:2.6, in the nonagricultural laborers (Class cancer of the scrotum is 1,752. In order to study the 
6a). Those engaged in lighter manual labor (Class question, implied in the passage quoted above, whether 
6b) have a lower proportion of scrotal cancer than cancer of the scrotum occurs independently of ex- 
have those performing the heaviest work (Class 6a). ternal factors, one may first subtract from this total 
The clerical and light manual workers (Class 7) have the 723 cases in workers of occupations in which there 
a low ratio of scrotal cancer (1:9.2). The suggestions is admittedly a liability to this form of cancer ow- 
drawn from these results may be stated here in the ing to exposure to tar, pitch, and lubricating oils 


words of the earlier paper. (Table II). 

“Roughly, it seems safe to say that the heaviest |In the publications of the Registrar-General (4, 5), 
work, such as that of classes 4, 5 and 6a, is done by “each census unit of occupation has been assigned to 
those who wash least; these three classes consist very one of five graded Social Classes . . . . after consulta- 


largely of town dwellers and show a high proportion tion with the Ministry of Labour. So far as is pos- 
of scrotal cancer. The two classes which show the sible from the material available, Class I purports to 
lowest proportion are the clerical and light manual represent the professional and generally well-to-do 


49 





50 Cancer Research 








TABLE I 
Total Cases Approximate Ratio 
Class Occupation Scrotum Penis Scrotum Penis 
1 Sweeps 2] 4 5.25 1.0 
2 Textile workers: 
a. Cotton 70 12 5.8 1.0 
b. Others 1] 14 1.0 x 
3 Workers (excluding sweeps and textile workers) 
especially likely to be exposed to cancer-producing 
materials (tar, pitch, and lubricating oils). This 
class includes workers with tar, pitch, coke and 
its by-products; fishermen and boatmen; and_ all 
drivers, stokers, and cleaners of engines. 32 16 2.0) 1.0 
Total, classes 1 to 3 inclusive 134 46 3.0 1.0 
4 Metal workers 19 73 1.0 3.8 
5 Coal workers a) 38 1.0 4.75 
6 Other manual occupations: 
a. Heavier work; e. g., laborer, bricklayer, ship- 
builder, carpenter. 60) 156 1.0 2.6 
b. Lighter work; e. g., coachman, soldier, packer, 
bootmaker, painter. 18 112 1.0 6.2 
/~ Clerical and light manual work. All employers, man- 
agers, shopkeepers, and foremen were placed in 
this class. Light manual workers include shop 
assistants, servants, printers, and watchmakers. 17 157 1.0 Dub 
8 Agriculture 4 79 1.0 20.0 
Total 260 661 1.0 2.54 
Subtract Classes 1, 2, and 3 134 46 
Classes 4 to 8 inclusive 126 615 1.0 4.9 


TasBce Il: Cancer oF Scrorum. ENGLAND AND WALES, 
1911 ro 1940 


Deaths, 
cancer ot 








Population scrotum 
Cotton mule spinners 32,448 415 
Chimney sweeps 5,274 118 
Gas, tar, pitch, and creosote workers 157,102 114 
Fishermen, boatmen, bargemen, boat- 
builders, and fishing-net makers 139,313 49 
Engine and crane drivers, firemen, and 
cleaners 167,235 27 
Total 501,372 723 


section of the population, Class III, skilled artisans and 
analogous workers, and Class V, labourers and other 
unskilled callings, while Classes If and IV are in- 
termediate, comprising occupations of mixed types, 
or types not easily assignable to the classes on either 
side.” The occupations are classified further into 31 
groups, with 3 of which we are concerned here, namely 


xxiii Commercial, finance and insurance occupa- 
tions (excluding clerks). 
xxiv Persons employed in Public Administration 


and Defence (excluding professional men, 
clerical staff and typists). 
xxv Professional occupations (excluding clerical 


staff). | 


Seventeen occupations, belonging to Social Classes 
I and II, and to Groups xxii, xxiv, and xxv, were 
chosen in which there is least likelihood of exposure 
in earlier life to carcinogenic agents; thus such occu- 
pations as the fighting services, engineers, ship de- 
signers and surveyors, analytical and research chemists, 
were excluded (Table III). Of these 17 occupations, 
13 belong to Social Class I and 4 to Social Class II. 

The total number of 1,752 fatal cases of cancer of 
the scrotum may be regarded as coming from a popu- 
lation of 13,893,848 males (occupied, unoccupied, and 
retired) aged 14 years and over (mean of 1921 and 
1931 census). One may subtract from the total of 
1,752 cases those that are presumably of occupational 
origin; 7.c., the total from Table II, and the numbers 


1,752 — 723 = 1,029 


engaged in these occupations ' may be subtracted from 
the total population: 


13,893,848 — 501,372 = 13,392,476 





1 The populations engaged in some of these occupations can- 
not be estimated very exactly, but a considerable error in the 
correction attempted here does not affect seriously the final 
result. 
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‘his leaves a residue of 1,029 possibly nonoccupational 
cancers of the scrotum coming from a population of 
13,392,476. 

At this rate the 17 professions in Table III, number- 
ing 289,985 men, should yield 22 fatal cases of scrotal 
cancer. Actually, 1 case only was found; namely, that 
of a Chief Clerk, Royal Artillery Records Office, be- 
longing to Social Class II in Group xxiv. Special en- 
quiry into the history of this man showed that he 
had been a Sergeant Major (Artillery Clerk) and 


agricultural laborers, shepherds, gardeners) should, in 
proportion to their number (917,911), yield 68 cases 
of cancer of the scrotum, but the actual number is 41. 

The paper of 1925 quoted above was among the 
earlier of those dealing with the social, as distinct from 
the purely occupational, distribution of cancer. The 
first considerable study of this subject based upon the 
occupational mortality of males in England and Wales 
in 1910-12 was published in 1923 by the late Dr. 
T. H. C. Stevenson, Superintendent of Statistics in 


TABLE III 


Registrar- Males, occupied and re- 
General’s tired. Mean of 1921 and 
Classification. 1931 Census.* 
Occupation Social 
Group Class 
XXIII I Bankers, bank officials (heads of departments, 
managers and inspectors) 4 7 5 7 
7 “ Stock brokers and stock jobbers 6 s 8 8 
* 7 Insurance officials (heads of departments, managers 
and inspectors) 2 2 6 4 
XX1V I] Civil Service Administrative, executive, and higher 
clerical officers + 2 2 5 7 5 
XXV I Clergymen (Anglican Church) 2 3 5 () 6 
a " Ministers of other religious bodies ] ] 7 5 7 
7 ° Roman Catholic priests and monks 3 6 7 
25 . Judges, stipendiary magistrates, barristers 7 3 6 2 2 
- =) Solicitors | 7 2 4 9 
™ Physicians, surgeons, registered medical — prac- 
titioners | 2 7 7 4 2 
we Dentists | 0) 4 7 y) 
me I] Teachers (not Music Teachers) 8 3 5 2 5 
ss I] Teachers of music 5 6 5 
I Architects 0) I 3 2 
" 7 Chartered and incorporated accountants () 2 7 
™ Authors, editors, journalists, publicists | + | 8 8 
I] Librarians (not booksellers) l 4 9 2 
Total, Social Class I 177,228 
Social Class II 112,757 289,985 


* The figures of the 1921 Census refer to ages 12 and over, and those of the 1931 census to ages 14 and 
over, but in occupations of this type the difference is of no importance. 


1 This figure is from the 1931 census only. 


Warrant Officer Class I. He was therefore a non- 
commissioned officer, and this occupation is_ placed 
in Social Class IV. This finding, that the only case 
of cancer of the scrotum in the selected occupations 
of Social Classes I and II was a person who would in 
earlier lite have belonged to Social Class IV is of 
considerable interest from the present point of view. 
The population of 177,228 assigned to Social Class | 
did not produce a single case. Hence cancer of the 
scrotum appears to be a form of cancer that is wholly, 
or almost wholly, dependent upon environmental 
factors. 

But these factors appear not to be simply those 
associated with social status in general. The agricul- 
tural workers (farmers, farm bailiffs and foremen, 


In the 1921 census these occupations were classified differently. 


the General Register Office, London (7). But as he 
himself pointed out, the grading of the male popu- 
lation into Social Classes that was then available was 
unsatisfactory for his purpose, for it rested upon an 
industrial rather than upon an occupational basis, 
and hence tended to include persons of higher and 
lower social position in the same categories. Moreover, 
Stevenson was able at that time to deal only with the 
total mortality from cancer of all organs; hence the in- 
fluence of social position, which affects especially the 
incidence of cancer upon the more exposed sites, was 
not made clear. 

A much more elaborate study, based upon the 1921 
census, was published from the General Register 
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Office (4) in 1927. The parts of the body affected 


by cancer were divided into two classes, namely, 


Exposed sites 
Other sites 


(1 and 3 in Table IV) 
(2 and 4 in Table IV) 


The incidence in the 5 Social Classes of cancer of the 
pooled exposed and other sites is shown in Table IV, 
together with some examples of the results for indi- 
vidual sites. 

The incidence upon the exposed sites increases as 
one descends the social scale; e.g., in the case of the 
tongue, from 48 per cent to 165 per cent of incidence 
upon all males. The social grading is very pronounced 


TABLE IV: OccuplED AND RETIRED CIVILIAN MALES AT AGES 


20 ro 65 Years, 1921 tro 1923 


Ratio compared with that 
of all occupied and 
retired civilian 
males taken 
as 100 


Social Class 


Cancer I IT III IV V 
All sites 80 92 99 96 123 
1, 3 Exposed sites 58 80 98 102 = 140 
2, 4 Other sites 102. 104 100 91 105 
1 Upper alimentary canal 58 80 99 102 140 
2 Intestine and rectum 105 105 100 93 98 
3 Larynx, skin, breast 63 83 98 102 = #14!1 
4 Deep-seated sites 101 109 102 £87 99 
Lip 30 50 70 140 170 
Tongue 48 73 95 100° 165 
Stomach 60 82 100 106 = 130 
Total intestine (excluding rectum) 116 107 99 90 99 
Larynx 72 96 93 96 135 
Skin 63 73 100 120° 150 
Lung 100 109 97 #=79 124 


for all sites above the pylorus, and is not observed 
in the remainder of the alimentary tract. 

Cancer of the scrotum and penis is not mentioned 
in this statement on the social distribution of cancer. 
In the next Decennial Supplement, based on the 1931 
Census, and published in 1937 (5), a graph, repro- 
duced below (Fig. 1), is given of the pooled data for 
these two forms of cancer, which are described in the 
text as showing “an unmistakable social class gradient.” 
This graph shows a considerable gradient, ascending 
from Social Class I to V. The data for each form 
separately, derived from the years 1930-32, upon which 
this graph is based, appear in Table 8 on page 350 
of the Supplement, and are quoted in columns C 
and D of our Table V. If one calculates the number 
of persons corresponding to 1 case of each of these 
forms of cancer, one obtains the results given in 
columns E and F. This method of examination of 
- the figures is of course not wholly satisfactory, as no 
account is taken of possible differences in age dis- 


tribution in the 5 classes, but this factor does not 
affect the simple comparison of cancer of the scrotum 
and penis. The figures in columns E and F show a 


SCROTUM AND 
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CANCER OF PENIS AND SCROTUM. ENGLAND AND 


Wa es, 1930 tro 1932 


TABLE V: 


Deaths in 1930-32 


Population yielding 
ages l6 and 


1 case of cancer 


upwards 

Social Class Population, Cancer Cancer Cancer Cancer 

males, of of of of 
1931 census, penis scrotum penis scrotum 

ages 20-65 
A B C E F 
I 278,367 1] — 25,306 = 
II 1,569,127 82 16 19,135 98,050 
III 5,498,648 233 96 23,600 57,280 
IV 1,992,679 95 36 20,975 55,330 
V 1,845,570 68 59 27,140 31,280 
Unoccupied 157,770 7 2 22,539 78,885 
All 11,184,391 489 207 22,872 54,010 
Active and 
retired 

All 11,342,161 496 209 22,866 54,270 


very distinct social gradient in the case of cancer of 
the scrotum, and the absence of any uniform gradient 
in that of cancer of the penis. This difference is not 
seen in the graph (Fig. 1) where the two sets of 
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data are pooled.” At the time when the data expressed 
in this graph were first obtained the results of later 
studies of much larger numbers could not be foreseen, 
of course, and the cases of cancer of the scrotum and 
penis occurring in the period of only 3 years were 
pooled in order to obtain total figures of statistical 
significance. Social Class I shows 11 cases of cancer 
of the penis and none of scrotal cancer. 

The absence of a single case of cancer of the scrotum 
in the whole of Social Class I in the 3 years, 1930-32, 
confirms and extends the results given in Table III 
for a smaller number of occupations of this grade 
over a longer period. 


DISCUSSION 


These two forms of cancer can be wholly elimi- 
nated; that of the penis by circumcision in infancy 
(but not in later life, according to the Moslem prac- 
tice*®), and that of the scrotum through the condi- 
tions of life attainable by the richest classes. Cancer 
of these two regions caused 230 deaths in 1937 in 
England and Wales alone (6). Cancer of the scrotum 
provides the extreme instance of the effect of social 
status on the incidence of cancer upon exposed sites, 
and one regrets that this was not recognized during the 
lifetime of Stevenson, to whom students of cancer 
as it Occurs in man owe so much. The absence of 
social gradient in the case of cancer of the penis sug- 
gests that ordinary cleanliness per se is not here the 
determining factor, as it may be in cancer of the 
scrotum. Probably a large number of cases of penile 
cancer are associated with phimosis, a condition inde- 
pendent of social status and personal habits.* A cer- 
tain degree of negligence in cleanliness, involving 
infrequent retraction of the prepuce, may even pro- 
tect the glans from the extrinsic factors that induce 
cancer of the scrotum. In connexion with the study 





2 Another example of the unfortunate results of pooling the 
statistics for cancer of different organs merely on the ground of 
anatomical propinquity is afforded by “‘cancer of the liver and 
gall bladder” or “cancer of the liver, bile passages, and gall 
bladder”; these terms occur frequently in the literature of 
cancer (2). In the publications of the Registrar-General, can- 
cer of the liver, and of the gall bladder, are dealt with sepa- 
rately. Probably “cancer of the vulva and vagina” is an 
equally undesirable classification. In all these instances very 
different etiological factors may be concerned in the two or 
more members of the group. 

’ For literature on this subject see (3). 

4On the prevalence of phimosis in countries where cancer 
of the penis is very common (e.g., China, Ceylon) see (1, 3). 


of these two forms of cancer, we have for many years 
been watching for any instances of cancer of the 
scrotum in native races and nonindustrialized coun- 
tries; the lack of any such cases even in countries 
where cancer of the penis is extremely common shows 
the difference in the etiology of the two diseases, and 
illustrates again the misleading results that arise from 
classifying them under a common heading. 


SUMMARY 


One case only of cancer of the scrotum occurred 
in England and Wales in 30 years in 17 occupations 
of the highest professional class; this one case was that 
of a person who in earlier life had belonged to a lower 
social class. The number of cases to be expected among 
the same number of persons, not specially exposed to 
carcinogenic materials, in the general population 
would be about 22. Hence it appears that this form 
of cancer could be eliminated by social factors. As 
cancer of the penis does not show this social distribu- 
tion, these two types should not be pooled for sta- 
tistical purposes. Data on the occurrence of cancer 
of the scrotum in native races and nonindustrial 
populations would be of great interest. 
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There is more or less general agreement that the 
calcium content of rapidly growing tumors is relatively 
low, whereas the potassium content is relatively high 
(11). Since changes in the secretions of a given 
parenchyma might reflect certain changes within its 
cells, a study of the calcium and potassium content 
of gastric juice from noncancerous and cancerous 
stomachs was undertaken, to observe whether or not 
characteristic “mineral patterns” might be detected. 

Gamble and Mclver (2) found the calcium content 
of gastric juice from stomach pouches in cats to be 
10.6 mgm. per cent (similar to that of blood serum) 
2 to 4 hours after eating, while 8 to 12 hours after 
food the content was 5.7 mgm. per cent (about half 
of the earlier value); the potassium content was 45 
mgm. per cent and 53 mgm. per cent at correspond- 
ing intervals. Ingraham and Visscher (5) observed 
inverse concentration ratios between the sodium and 
potassium in the gastric juice and blood plasma of 
anesthetized dogs injected with histamine, the juice 
having been obtained from the cannulated pylorus. 
Rudd (8) obtained juice from man, both with and 
without histamine stimulation; calcium concentra- 
tions varied from 4.1 to 8.6 mgm. per cent, and 
potassium concentrations from 25 to 74 mgm. per 
cent. In a later paper (9) values of 4.06 to 8.64 mgm. 
per cent for calcium and 42.12 to 72.54 mgm. per 
cent for potassium were reported. Calcium appeared 
to increase in amount as the acidity fell. Klerks (1) 
found the average calcium in the fasting gastric juice 
of 31 Javanese patients and of 33 Chinese and 32 
native students to be 4.4, 3.4, and 3.6 mgm. per cent 
respectively. Kirsner and Bryant (6) studied the cal- 
cium content of gastric juice in 65 patients after hista- 
mine injection; in spite of variation in individual 
cases there was a definite direct relationship between 
the calcium level and the hydrogen ion concentration. 
For example, juices with a pH range of 1.49 to 1.91 
from 36 patients contained an average of 2.06 mgm. 
per cent of calcium, while those from 12 patients with 
a pH range of 3.05 to 8.38 contained an average of 





* This study was carried out under a grant from the O. C. 
Miller Fund for Cancer Research, The University of Chicago. 


54 


4.54 mgm. per cent of calclum. Many of these pa- 
tients had healing or healed duodenal ulcers. Gray 
and Bucher (4) obtained samples of gastric juice from 
the vagotomized pouches of dogs. In 9 pooled samples 
the calcium was 1.14 to 1.22 mgm. per cent and the 
potassium 27.3 to 28.9 mgm. per cent. Grant (3) 
concluded that mucus from the epithelial cells is an 
immediate source of calcium in gastric secretions. Val 
Dez and Sendroy (12) state that the hydrogen ion 
concentration as a factor governing the calcium con- 
tent of gastric juice is a reflection of the extent to 
which parietal hydrochloric acid secretion is diluted 
with non-parietal cell secretion. 


MATERIALS AND METHODS 


Gastric juice was obtained from patients according 
to the usual method after histamine stimulation. 
Aspirations were carried out at 10 minute intervals. 
The series includes 24 patients without gastric cancer 
and 14 with gastric neoplasms (10 carcinomas, 4 
lymphoblastomas). In addition juices from 5 other 
patients without gastric cancer were studied; these 
patients had an achlorhydria induced by x-ray in the 
therapy of duodenal ulcer. The specimens were 
brought without delay to the laboratory, measured, 
and titrated for free acidity. When the secretion was 
ample, as was usually the case except where there 
was little or no free acid, the specimens withdrawn 
30 to 40 minutes after histamine injection, presumably 
at the height of gastric secretion, were studied. They 
were mixed, filtered through gauze, and then filtered 
in the cold through Whatman 3742 filter paper. 
When secretion of the juice was scanty it was oc- 
casionally necessary to pool all specimens before fil- 
tration. Four cubic centimeter samples of the clear, 
filtered gastric juice were taken in duplicate for de- 
termination of calcium, | cc. of 4 per cent ammonium 
oxalate being added. The pH was adjusted to 4.2 
to 4.4 with bromcresol green as the indicator, and 
the mixture placed overnight in the icebox. The cal- 
cium oxalate precipitate was washed, redissolved in 
dilute sulfuric acid, and the resultant oxalic acid ti- 
trated according to the method of Kramer and Tisdall 
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(; ). Potassium determinations by the method of RESULTS 

Shohl and Bennett (10), using 0.5 or 1.0 cc. samples In summarizing the data the juices from gastric 
in duplicate of gastric juice, were made in 9 of the tumors (carcinomas and lymphoblastomas) are dis- 
gastric tumor patients, in 11 of the control patients, cussed together, as calcium and potassium contents 
and in all 5 of the patients with x-ray achlorhydria. were similar. In Table I it is seen that the calcium 


TaBLeE I: CatcitumM ANb PorassiuM CONTENT OF GAsTRIC JUICE FROM CANCEROUS AND NONCANCEROUS STOMACHS 


Gastric Tumors: 14 Cases 


Aver. free 


Amt. juice, acid, Calcium, Potassium, 

Patient Age Diagnosis cc. clin. units mem. % mgm. % 

1. Ni. 61 Care. “in situ” 172 77 8.84 
2. Al 57 Carcinoma 68 59 18.46 50.31 
3. Mu. 74 ‘ 12] 20 7.32 78.78 
4. Du. 55 310 0 ().72 2.34 
5. Da. 52 ™ 102 0 4.52 95.94 
6. Wo. 66 ” 67 0) 6.28 73.71 
i: Oe. 59 , 59 0 21.38 84.24 

8. We. 70 ‘a 167 0 3.86 
9. McC. 83 ia 44 0) 0.74 
10. Me. 52 - 60 0) 6.15 65.47 
| / 59 Lymphoblastoma 260 24 6.06 y 
12. Ka. 57 1“ 83 6 4.14 52.65 
13. Gl. 60 " 5] 0 3.62 62.79 
14. Bo. 28 . 15 0) 5.26 
Average 59 113 13 6.95 62.9] 
Control cases: 24 

a. Ma. 66 Carc. of larynx 53 15 5.81 60.47 
b. Fr. 83 Carc. of rectum 69 101 2.50 76.75 

c. Fi. 60 " 92 57 1.56 53.59 
d. Ma. 26 a 97 16 4.56 66.54 
e. Le. 65 Carc. of colon 104 65 4.10 64.05 

f. Do. 61 Normal stomach 55 45 7.76 73.32 
g. Ho. 25 Stoma ulcer 270 28 2.61 78.85 
h. Ec. 43 Gastric ulcer 114 90) 2.60 99.57 

i te 37 a 246 111 1.93 

1. Mo. 63 238 61 2.62 55.94 
k. Da. 47 : 149 21 3.84 

l. Gr. 56 Duodenal ulcer 118 66 1.77 
m. Po. 48 184 50 4.92 55.38 
n. Ne. 35 Pe 181 47 2.14 
o. Ba. 36 i 278 66 2.44 
p. Ha. 64 “3 154 69 2.49 
q. Ch. 43 se 70 60 2.72 

r. McL. 62 Cholecystitis 155 89 2.13 

. Ue, 39 m 300 90 2.65 

. & 35 ” 227 62 3.17 
u. GI. 34 Hernia 82 42 3.3] 67.94 

Y 46 Functional col. 108 63 2.03 
w. Wi. 39 ” 123 39 2.92 
s TK 32 ” 147 72 3.55 
Average 48 151 59 3.17 68.40 
Patients with duodenal ulcer treated by x-ray: 5 cases: 

I. Ra. 47 X-ray therapy 140 3 5.04 84.24 
H. Ha. 36 . 59 0 5.61 117.27 
Il. Ro. 51 ™ 68 0 9.65 154.76 
IV. Lu. 4] ‘“ 204 0 6.36 177.97 
V. Bu. 44 ™ 146 0 4.19 115.53 


poet 


Average 44 123 6.17 129.95 
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content in gastric juice varies in the neoplastic stom- 
achs from 0.72 to 21.38 mgm. per cent, and in con- 
trol stomachs from 1.56 to 7.76 mgm. per cent. In 
spite of the fact that there are two low calcium read- 
ings in the neoplastic series, the average of the group 
as a whole is 6.95 mgm. per cent, or more than twice 
that of the control group. The range of potassium 
determinations in the neoplastic group is 2.34 to 95.94, 
the one low reading being an exception, and of the 
control group 53.59 to 99.57 mgm. per cent. The 
average values are 62.91 and 68.40 mgm. per cent 
respectively. The juices from 5 stomachs with achlor- 
hydria as a result of x-ray therapy are considered 
separately. It will be noted that calcium values are 
high, averaging 6.17 mgm. per cent, and thus similar 
to those of the gastric tumor cases, which, except in 5 
cases, showed an achlorhydria. The concentration of 
potassium in the juices of these patients was uniformly 


high, averaging 129.95 mgm. per cent. 


DISCUSSION 


In accordance with the findings of Kirsner and 
Grant and others the higher calcium excretion in 
gastric cancer patients and in those with achlorhydria 
induced by x-ray appears to be a factor of the smaller 
amount of free acid excreted. There was no free 
acid in 13 of the 19 juices in these two groups, and 
the average free acid was 10 clinical units as con- 
trasted to 59 clinical units in the control group, in 
which all 24 juices showed free acid. In addition the 
average age of the patients with gastric cancer, 59 
years, is greater than that in the control group, 48 
years. The incidence of achlorhydria and “hypochlor- 
hydria” is known to increase with advancing age. The 
potassium excretion is not changed in stomachs with 
malignant neoplastic disease. The definite increase 
in the potassium content of juices from patients with 
x-ray-induced achlorhydria remains unexplained; pos- 
sibly it is a reaction to injury by irradiation. It 1s 
also of interest that the calcium content of these 
juices was not depressed, as might be expected in 
view of the antagonism between potassium and 
calcium. 


SUMMARY 


Calcium determinations were carried out on juices 
from 14 patients with gastric tumors (10 carcinomas 


. . = 


and 4 lymphoblastomas) and 24 control patients. Dui- 
ferences in calcium could be explained on the basis 
of the higher acidity in the juices from control stom- 
achs. Potassium determinations were carried out on 
the juices of 9 patients with gastric tumors (7 carci- 
nomas, 2 lymphoblastomas) and 11 control patients; 
no significant differences in the amounts secreted were 
observed. The secretion of both calcium and _potas- 
sium was increased, compared with controls, in the 
juices of 5 patients with achlorhydria induced by 
the x-ray treatment of duodenal ulcer. 

The calcium and potassium concentration of gastric 
juice from cancerous stomachs is not characteristic. 
These negative findings are in contrast to significant 
differences observed in nonneoplastic and neoplastic 
gastric (and colon) mucosa, which will be described 
subsequently. 
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The reports of Greenstein (6-8, 10-16) and others 
(2, 17, 23) suggest the elaboration by tumor tissue 
of a material into the circulation that inhibits certain 
select catalytic systems in organs remote from the 
site of the growth. Furthermore, this inhibition has 
been shown to be progressive with, and proportional 
to, the growth rate of the neoplasm, and reversible, 
disappearing on surgical removal or regression (6, 10, 
11, 15, 18). In the present work the tyrosine-tyrosinase 
system was employed to investigate the presence of an 
enzyme inhibitor in the serum of cancer patients, an 
enzyme system that is known to be inhibited by a 
number of chemical compounds (1, 3-5, 18, 19, 22). 


METHOD 


Prepare a 0.001M, /tyrosine solution with 15/M 
phosphate buffer pH 7.0-7.05. 

Crude tyrosinase from potatoes: remove the peel 
trom a large, or several small potatoes, reduce the 
outer 3/4 inch of the tuber to a coarse mash; squeeze 
the mash through a clean white cloth into large 50 
ml. centrifuge tubes and spin at 3,500 r. p. m. for 5 
minutes; filter the supernatant fluid through What- 
man 35 (in refrigerator, if temperature in room is 
higher than 25° C.), discarding the first few ml. If 
hltration is too rapid, with a very turbid filtrate, re- 
centrifuge and refilter until it is only slightly turbid. 

Determination of tyrosinase activity: In order to 
increase the induction period of the tyrosine oxidation 
it is necessary to dilute the enzyme, so that an in- 
crement in the first reading following the blank 
reading of the control tubes will be 12, in 20 to 30 min- 
utes. With a 0.5 ml. Oswald pipette add 0.50 ml. of 
buffer and 0.50 ml. of potato juice to 5.0 ml. tyrosine 
solution, and swirl. Wipe tube clean, and make a blank 
reading (Klett-Summerson Photoelectric Colorimeter ) 
immediately, placing in a water bath at 18° to 20° C., 
in front of light, noting time. After 15 minutes read 
again. The desired rate, development of a pink color, 





* This work was aided by a grant from Mr. and Mrs. David O. 
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equivalent to an increase of 12 on the colorimeter scale, 
added to that of the blank, is obtained in the following 
manner: 


——_-_ 





Rate noted by colorimeter reading __ 


Xx 
Rate desired 12 lees 
After adjusting the enzyme activity, it should be 
used immediately. 

Serum.—Collect sufficient blood to obtain 2 to 3 
cc. of serum (only 0.5 cc. is needed for a single test, 
but all determinations are made in triplicate). 
To insure adequate clotting the blood is allowed to 
stand for 15 minutes at room temperature and then put 
into a refrigerator until used. The serum is separated 
from the clot by centrifugation. Tests are conducted 
as soon as possible (2 to 3 hours) after collecting the 
blood, otherwise alterations occur in the serufm that 
interfere with the reaction. 

Determination of the effect of serum on the tyrosine- 
tyrosinase reaction: With volumetric pipettes, pipette 
5.0 ml. of 0.001M |-tyrosine in phosphate buffer, pH 
7.0 to 7.05 into chemically clean 5 X 9/16 inch hard 
glass test tubes. These test tubes are to be calibrated so 
that they vary no more from each other, when filled 
with distilled water, than a reading of one on the color- 
imeter. To three tubes, which are to serve as controls, 
add 0.50 ml. phosphate buffer. Into the remaining 
test tubes, (3 for each serum) accurately pipette 0.50 
ml of non-hemolysed serum and mix the contents of 
each tube by a swirling motion. Avoiding direct 
light quickly add to all tubes 0.50 ml. of crude diluted 
potato juice, freshly prepared and adjusted to the 
desired rate of enzyme activity before each experiment. 
Swirl and read immediately in a Klett Summerson 
photoelectric colorimeter through the #54 green filter. 
Read control tubes first, place immediately in a rubber- 
ized Wassermann tube rack that stands immersed in 
a shallow water bath (18° to 21° C.) illuminated by a 
lamp of the type commonly used for burette readings, 
and note the time. Then read each succeeding tube 
and place it in the water bath in the order read. There- 
after take 3 consecutive readings, swirling the tubes 
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each time at colorimeter scale increments of 12, 24, 36, 
added to the blank of first control tube with enzyme. 

A test is considered positive when a serum causes a 
definite retardation of the reaction rate of the tyrosine- 
tyrosinase system greater than 15 per cent loss in 
activity for the first reading. Inhibition generally hap- 
pens in the first phase of the reaction, but in a few posi- 
tive tests the appearance of the inhibitory phenomenon 
was delayed by an initial period of stimulation (an in- 
creased color increment in the serum-containing tube 
as compared with the control). 


the tyrosine-tyrosinase reaction, when permitted to 
stand in the refrigerator overnight, produced an in- 
hibiting effect the following morning. In addition, 
the light source should be constant; a pH of 7.0 to 
7.05 should be maintained during the reaction; the 
temperature of the water bath should be constant 
within 2.0° C. for the duration of the experiment; 
test tubes should be calibrated before using; volu- 
metric pipettes should be used for pipetting the sub- 
strate, the enzyme, and the sera, and the delivery 
of the fluid from the pipettes should be constant. 


A TypicaL Day’s Run 


Time 


9:40 


Blank reading 


10: 06 


49(12) 

67(11) —9% 
66( 4) — 66% 
55(12) 

56(10) — 17% 


1:28 


40(12) 

50(14) + 11% 
57( 8) — 33% 
61(9) —25% 


80(14) + 11% 


10:29 


61(24) 
78(22) —9% 
73(11) — 55% 
67 (24) 
66(20) — 17% 


1:48 


52(24) 

61(25) + 4% 
68(19) — 16% 
74(22) — 8% 


91(25) + 4% 


10:48 


73(36) 

88(32) — 12% 
83(21) — 42% 
76(33) —9% 
76(30) — 17% 


2:08 


64(36) 
72(36) 
78(29) — 21% 
80(28) — 22% 


102(36) 





+ Control tubes 37 
Normal serum 56 
Serum of cancer patient 62 
Serum of patient with “lymphoid tissue” in neck +3 
Serum of patient with recurrent carcinoma of tonsil +6 
Time 1:03 
+ Control tubes 28 
* Normal serum 36 
Serum of patient with carcinoma of vulva, no treatment 49 
Serum of patient with myelogenous leukemia, early, 52 
32,000 whites, 100 reds 
*Serum of patient with adenocarcinoma of breast, 66 
9,600 mgm./hr. of radium radiation. 40 days, no 
treatment in 9 mos., no evid. recur. 
Serum of patient with Hodgkins disease 57 


+ In triplicate. 


* Occasionally addition of serum to enzyme and substrate will give a greater activity than the control tubes. 


65( 8) — 33% 74(17) — 30% 83(26) — 28% 


This seems to occur 


more often in normal sera and treated cases, and less frequently in untreated cases. 


Calculation is carried out for each interval of read- 
ing by subtracting the original blank reading, which 
covers initial color and turbidity, from each subsequent 
reading in the colorimeter. To determine percentage 
of inhibition, the actual increment of increased color of 
the serum-containing tube is divided by the actual 
increase in color in the control tube (determined by 
colorimeter readings) and this percentage is then sub- 
tracted from 100 per cent. 

It has been found that the usual error of 2 per cent 
allowed for colorimetry may be reduced to less than 
1 per cent if the following precautions are observed: 
Each serum determination should be made in tripli- 
cate, and no greater discrepancy than a reading of 1 
on the colorimeter between the blank readings of the 
3 tubes containing the same serum should be accept- 
able. Serum should be nonhemolyzed, and placed in 
a refrigerator until used. An inhibitory effect on the 
tyrosine-tyrosinase reaction was produced by heating 
to 28° C. for one-half hour sera that previously had 
caused no inhibition. Serum should be used as soon 
as feasible after collection of the blood, since it was 
found that fresh serum without any inhibitory effect on 


RESULTS 


Fight hundred and fifty-six tests were carried out on 
the sera of 382 individuals. With the exception of 50 
cases, the diagnoses were unknown to the operator 
until the test had been completed. The results obtained 
may be seen in Tables I to IV. 


TaBLE I: ActivE MALIGNANT NEOPLAsTIC DISEASE 
Carcinoma No. of Posi- Nega- 
of : cases tive tive 
Breast 33 30 3 
Cervix uter1 14 13 l 
Skin, mouth, etc. 12 11 ] 
Gastrointestinal tract 15 14 | 
Genitourinary system 18 17 l 
Liver 2 2 0 
Thyroid 2 2 0) 
Parotid 3 3 () 
Lung 5 5 0 
Bone tumors: 
Multiple myeloma l l 0) 
Ewing tumor l l 0 
Chondrosarcoma 2 2 0 
Giant cell sarcoma 2 2 0 
Metastatic carcinoma 2 | | 
Periosteal sarcoma l ] 0 
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Taste I: Active MaLticnant Neopvastic Distase—Continued 


Carcinoma No. of Posi- Nega- 
of: cases tive tive 
Miscellaneous: 


Myosarcoma I l 0) 
Melanosarcoma 3 0) 3 
Neuroblastoma | () 
Myoblastoma l | 0 
Hemangioendothelioma I ) l 
Mixed tumor of parotid 3 2 l 
|_ymphosarcoma 6 6 0) 


Mixed tumor of submaxillary gland 1 

Chronic myelogenous leukemia | | 
Chronic lymphatic leukemia 4 3 l 
Hodgkin’s disease 5 0 


SI 


Totals 140 2 


I 
—, 
a1 


It can be seen that the sera of approximately 90%/ of the 140 pa- 
tients in which cancer was known to be present inhibited to some de- 
gree the tyrosine-tyrosinase reaction. Among the 15 sera that pro- 
duced no inhibition were those of 3 cases of malignant melanoma. 
This result parallels the experimental findings of Greenstein and 
Algire (10). Of the remaining 12 negative tests, 3 sera came from 
patients suffering from recurrent breast cancer with widespread 
metastasis, 1 each from patients with advanced chronic myelogenous 
leukemia, advanced lymphatic leukemia, infected fungating car- 
cinoma of the cervix, terminal infected squamous cell carcinoma 
of the mouth, and terminal carcinoma of the prostate with wide- 
spread metastasis. Only one case of early malignant neoplastic 
disease, a patient with annular carcinoma of the cecum that had 
not spread to the regional nodes, gave a negative test. 


The degree of inhibition was as follows: 


10 Sera inhibited not at all 


_ = - between 5-15% 
—_— mi " 20-30% 
46 * as = 30-40% 
27 ‘< ‘6 ‘<6 40-50% 

_ ” " 50-60% 

3 . os = 60-70% 

_ ™ 7 si 70-80% 

1 Serum ‘“ " 80-90% 

; * - ais 90-100% 


140 Total 


TABLE IL: INacTIVE MALIGNANT NEOPLASTIC DISEASE 
Carcinoma No. of Posi- Nega- 
of : cases tive tive 
Breast 28 18 10 
Cervix 2 0) 2 
Skin, mouth, etc. 10 0) 10 
Gastrointestinal tract 3 l 2 
Genitourinary system 6 0) 
Miscellaneous: 
Hemangioendothelioma | 0) l 
Lymphosarcoma 7 0 7 
Totals 57 19 38 


Patients with malignant neoplastic disease who had been treated 
and showed no clinical evidence of recurrence are classified as in- 
active. The majority had been treated too recently to prognosticate 
cure or non-cure. In three instances, because of a positive test, 
re-examination revealed silent recurrences. 

The degree of inhibition of the tyrosine-tyrosinase reaction by 
the 19 positives in this group was as follows: 


8 Sera inhibited between 20-30 


4 rz; ‘6 6s 30-40% 
6 ‘6 ‘6 ‘6 40-50% 
1 Serum ‘“ = 60-70% 


19 Total 


TABLE III]: NormMaAL CONTROLS 





No. of Posi- Nega- 
Diagnosis cases tive tive 
Normal subjects 105 3 102 
Normal subjects (pregnant) 12 0 12 

Totals 117 3 114 


It is of interest to note that 2 of the 3 persons in this group 
whose serum gave a positive test have familial histories of cancer. 

The serum of normal persons showed either no inhibition of the 
tyrosine-tyrosinase reaction or caused an actual increase in the 
production of color over that formed in the control tube. 


TABLE 1V: Conrrois witn Distases OTHER THAN CANCER 


No. of Posi- Nega- 
Diagnosis cases tive tive 
Benign tumors 15 l 14 
Hyperthyroidism 8 5 3 
Virus pneumonia l 0 l 
Infectious jaundice 2 ] l 
Pelvic inflammatory disease l 0) l 
Breast abscess l 0 l 
Bronchiectasis 3 U 3 
Tuberculous adenitis l () 
Cervicitis l 0 l 
Chronic pyelonephritis l 0 l 
Menopause | 0) l 
Pulmonary tuberculosis l 0 l 
Pyelitis and diabetes l l 0 
Arteriosclerosis with gangrene of foot 1 () l 
Atrophic gastritis l 0 l 
Peptic ulcer 3 0) 3 
Mucous colitis l 0 l 
Multiple sclerosis l 0 | 
Hemorrhoids l 0 l 
Diabetes 5 0) 5 
Thrombocytopenic purpura 2 0 2 
Secondary anemia | () l 
Hemolytic anemia of pregnancy l | 0) 
Cirrhosis of liver 3 0 3 
Acute appendicitis 0) 
Obstructive jaundice (calculus) ] 0 l 
Inguinal hernia (postoperative) 2 () 2 
Compound fraeture, tibia l 0 l 
Nephrolithiasis l 0 l 
Postoperative cholecystectomy l 0) l 
Hypertension 3 () 3 
Chronic cardiovalvular disease 
(decompensated ) | 0 l 
Totals 68 9 59 


Most of the patients in this group were being medicated at the 
time the test was made. It has been shown that sulfonamides, 
ascorbic acid, and other chemicals inhibit the tyrosine-tyrosinase 
reaction (1, 5, 19, 21). Whether these drugs are present in the 
circulation in adequate amounts to cause inhibition will be deter- 
mined in future studies. A patient with hyperthyroidism whose test 
was positive when he was receiving iodine, gave a negative test 
when the iodine was discontinued. It is probably noteworthy that 
in this group of 68 patients with noncancerous maladies, the sera 
of 5 of the 8 cases of hyperthyroidism gave positive tests. The 
patient with a benign tumor, whose serum gave a positive test, 
had a substernal goitre that was being treated with radiation. 


DISCUSSION 


The tyrosine-tyrosinase reaction appears to be a sen- 
sitive indicator of the presence of enzyme-inhibiting 
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material in the serum of cancer patients. With one 
exception all the sera in the cancer group that failed 
to inhibit the tyrosine-tyrosinase system were obtained 
from advanced cases of malignant neoplastic disease. 
This lends credence to the belief that the method 
herein described demonstrates a specific systemic et- 
fect of cancer, and that late complications such as 
infection, toxemia, or cachexia obscure this effect (7). 

Preliminary evidence has been obtained to suggest 
that certain of the positive reactions in the noncancer 
group may have been due to medication. 

In spite of the fact that this report may suggest the 
possibility of using inhibition of the tyrosine-tyro- 
sinase reaction as the basis for a serodiagnostic test 
for cancer, recent progress in tumor enzymology makes 
it seem likely that a specific serological test will be 
dependent on the use of not one but several enzyme 
systems as substrates (21). 


SUMMARY 


Utilizing the aerobic oxidation of tyrosine in the 
presence of tyrosinase and light, which develops a 
color complex from the colorless monohydrated 
phenolic tyrosine to the pink dioxyquinone, a method 
is described for the estimation of the rate of activity 
of the tyrosinase by a quantitative estimation of the 
color complex produced in the reaction by the use of 
a photoelectric colorimeter. This work is presented 
as a new approach to the field of cancer enzymology. 
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INTRODUCTION 


In attempting to imitate in experimental animals 
the variable genetic constitutional state of man, Strong 
(8) recently hybridized mice of inbred lines of known 
cancer history and selected them for resistance to a 
standard dose of methylcholanthrene. Under the care- 
fully controlled conditions of his experiment he 
observed many forms of neoplasia that were not 
prevalent in any of the pure line parent stocks. He 
concluded that biological variability, as produced by 
genetic determiners, is responsible for various types 
ot cancer found in mice. On the other hand, Bittner 
(1) has shown that mouse mammary cancer usually 
results in genetically susceptible mice only when the 
associated agents, milk influence and hormones, are 
present and active; and Little (6) recently emphasized 
a multiplicity of vehicles for the transmission of 
parental influence on cancer incidence. More recently 
MacDowell, Potter, and Taylor (7) have found that 
an extrinsic factor, the mother’s age at parturition, 
progressively delayed the appearance of leukemia in 
mice to the extent that the oldest mothers virtually 
eliminated leukemia from their progeny whatever the 
genetic tendency of the family. So complicated are 
the internal and external environments of even rela- 
tively homogenous inbred animals living under con- 
trolled laboratory conditions that it is difficult to 
evaluate the part played by genes, hormones, diet, and 
other extrinsic factors in the production or modifica- 
tion of cells with such limitless and_ irregular 
potentialities as cancer cells. The present study 
demonstrates the importance of genetic specificity in 
the etiology of two spontaneous tumors in rats, and 
the independent hereditary transmission of factors for 
longevity that play a determining role in the incidence 
of many neoplasms. Independent characteristic 
neoplasms recur in the hybrids between two inbred 
stocks, but not with sufficient regularity for their 
tabulation to sustain a genic analysis. 








* Fellow of the Field Army of the American Cancer Socicty 
of Detroit. 
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MATERIAL AND METHOD 
In 1930 Bullock and Curtis (2) published a report 


on the morphology of 521 independent spontaneous 
neoplasms observed during the first 10 years of the 
existence of their pedigreed rat colony and the follow- 
ing year Curtis, Bullock, and Dunning (3) reported a 
statistical investigation of the population data cover- 
ing approximately the same period. The latter study 
showed that in this colony the most frequent site of 
spontaneous tumors was the thymus gland, and that 
the next most frequent location was the lymph nodes 
of the ileocolic mesentery. The thymic tumors were 
confined to the Copenhagen strain and the history 
of Line 2331 of this strain indicated that the specified 
line carried an inherited susceptibility to neoplasms 
in this most unusual location. Members of this strain 
had not then developed any growths involving the 
mesenteric lymph nodes but in the following decade, 
when large numbers of these rats were used 1n various 
experiments, 5 tumors were observed at this locus, 
ot which one was a typical lymphosarcoma. On the 
other hand tumors of the cecal region, which were 
predominately lymphosarcomas, had been observed 
in one or more animals of each of the other strains. 
In Line 344 of the Fischer strain 37 per cent of all 
the neoplasms observed were lymphosarcomas _in- 
volving the mesenteric lymph nodes. In 1933 it was 
shown further by Curtis, Dunning, and Bullock (4) 
that rats of these two strains varied significantly in 
length of life. The mean for rats of the Copenhagen 
strain that had been fed Taenia eggs but were un- 
infested at death was 19.83+.13 months, whereas 
similar rats of the Fischer strain lived an average ot 
only 13.59+.10 months. 

The detection of these real differences in longevity 
and in spontaneous tumor incidence led to the study 
of these characteristics in hybrids between these strains. 
Copenhagen Line 2331 and Fischer Line 344 were 
selected for crossing, and the mean length of lite and 
tumor incidence of rats of the first 10 generations of 
each parent line were calculated and constitute the 
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evidence on the basis of which the experiment was 
undertaken. Most of these data were included in the 
strain data referred to above, but each strain included 
animals from other lines also. A strain included the 
descendants of a tew pairs from the same foundation 
stock, while a line included only the progeny of a 
single brother and sister pair. 

The method of making the matings in_ these 
hybridization experiments was to choose a litter from 
each of the parent lines, pick one male from each, and 
divide the females, mating half with their selected 
brother and half with the selected male of the other 
line. When an F, litter was old enough to breed it 
was sometimes possible to mate the females with their 
father and the parent line mother with one of her 
hybrid sons. Since only a few of the F, hybrids could 
be backcrossed in this way the more frequent pro- 
cedure was to select a litter from each of the parent 
lines closely related to the F, litter to be backcrossed, 
and choose a male from the F, litter and one from 
each of the parent line litters. The F, females were 
divided between the males selected from these parent 
line litters and the females of the parent line litters 
were distributed among the three males. This pro- 
cedure maintained a continuous supply of parent line 
and F, material and _ provided contemporaneous 
stocks of parent line and F, and backcrossed hybrid 
animals, from which comparable data were obtained. 
In this group of hybrids and contemporaneous parent 
line relatives there was a total of 9,602 rats, reared 
under observation in as nearly uniform laboratory 
conditions as could be provided. The first crosses 
were made in March, 1930, and the last of the back- 
crossed hybrids died 8 years later (September, 1938). 

For most of this period the authors had_ the 
cooperation of Dr. Bullock in a morphological study 
ot the tumors, which showed as wide a variation in 
type of occasional tumor and the same predominance 
of tumors in the thymic region in Copenhagen rats, 
and lymphosarcoma of the mesenteric lymph nodes 
in Fischer rats, as was observed in the first 10 year 
period. The morphology of these growths was de- 
scribed in the earlier publication. In November, 1940, 
the present authors (5) reported the successful trans- 
plantation of a lymphosarcoma that arose in one of 
the hybrids of this series, and of another that arose 
in a quite different line: No. 9935 of the A XC strain, 
with a much higher incidence of these characteristic 
neoplasms. 


Table I gives the location and classification of the 
spontaneous neoplasms. The tumors occurred in 
various parts of the body, from the head to the tail, 
and involved most of the organs and tissues. The 
widespread anatomical distribution and diversity of 
type is comparable to that exhibited by tumors in 


man, but the frequency of occurrence in the several 
loci is unusual. More than half of the tumors arose 
in the thymus. The majority of these were benign, 
presenting the structure of an overgrowth of the 
small round lymphocytes or epithelial cells or both. 
The distinction between benign and malignant growths 
was not always clear cut; some were borderline cases 
that were considered benign whereas 40, or about 7 
per cent, showed definite invasion of the capsule, the 
surrounding mediastinal tissues, and sometimes the 
lungs. The next most frequent sites were the lymph 
nodes of the ileocolic mesentery and the subcutaneous 
tissues of the neck in the region of the submaxillary 
salivary glands. Except for benign fibroepithelial 
tumors of the mammary glands, the only other neo- 
plasms that occurred with a frequency greater than 
1 per cent were sarcomas of the lungs, uterus, and 
stomach. 

There were 15,625 rats in the first 20 generations 
of the two parent lines and the F, and _ backcrossed 
hybrids. Of these 874 developed spontaneous neo- 
plasms. Thirty, or 3.3 per cent, of these had 2 
independent tumors, making a total of 904 inde- 
pendent growths, of which 96 per cent occurred in 
9,566 rats that lived for at least 12 months. The 
percentage of multiple tumors is only half as high as 
that recently observed by Warren and Ehrenreich (9) 
in a series of 2,829 autopsies on cancer patients, 
where all benign neoplasms were excluded. These 
data were presented as evidence of the existence in 
certain human beings of an inherited susceptibility or 
predisposition to cancer. In the present study it may 
be noted (Table I) that the multiple tumors occurred 
in Copenhagen Line 2331 rats inbred from 1 to 10 
and 11 to 20 brother by sister generations, and in 
backcrossed hybrids from both Fischer Line 344 and 
Copenhagen Line 2331 parents. The percentages of 
multiple tumors in the several groups were 4.5, 3.2, 
2.9, and 1.7 respectively. In Line 2331 rats the per- 
centage of multiple tumors decreased with continued 
inbreeding and probable increase in degree of homo- 
zygosity of recessive genes. Further, the probability 
for accumulation otf multiple homozygous recessive 
genes would be infinitely greater in a tumor rat of 
either inbred line than in the backcrossed hybrid or 
the chance accumulation in any human cancer patient. 


RESULTS 


The data on tumor incidence in the inbred and 
hybrid rats in the present study are distributed for 
line or hybrid group, sex, and age in Tables II to XII 
inclusive. Tables II and IV present these data for 
the first 10 generations of the parent lines, and Tables 
III and V for generations 11 to 21 inclusive, while 
each table from VI to XII inclusive presents data for 








TABLE I: CLASSIFICATION OF THE SPONTANEOUS NEOPLASMS OBSERVED IN Rats oF COPENHAGEN LINE 2331 
AND OF FISCHER LINE 344 AND THEIR RECIPROCAL Fi AND BACKCROsSED HyBrIDs 


2331 2331 344 344 
1-10 11-20 1-10 11-20 2331 344 X& 2331 Fy xX 344 Fy, xX 
Location Classification gen. gen. gen. gen. x 344 2331 XxX Fy, agen OM Bs 344 Total 
‘| hymus benign tumor 335 123 24 4 l 487 
malignant tumor 28 8 2 2 40 
Mesenteric 
lymph _ nodes 
and cecum lymphosarcoma 2 19 44 4 l 17 6 18 3 114 
hbrosarcoma l ] 3 5 
osteosarcoma l | 
carcinosarcoma l l 
adenocarcinoma l l 2 
endothelioma | l 
hemangioma 2 ] 3 
Colon sarcoma l l ] 3 
fibroma l l 
Ileum sarcoma ] | 
Jeyjunum fibroma l ] 2 
adenocarcinoma l | 2 
Duodenum adenocarcinoma | l 
Stomach sarcoma 2 l 2 ] ] 5 l 13 
sq. cell cancer l l 2 
adenocarcinoma l l ] 3 
papilloma ] l 
Lung sarcoma 16 ] | ] 2 l 22 
Liver carcinoma | l 
Spleen sarcoma ] l 
Kidney embryonal care. 2 2 4 
sq. cell cancer ] ] 
Bladder papilloma 3 ] l > 
Adrenal adenoma 2 ] 2 5 
Peritoneum sarcoma 4 4 
Perineum sarcoma ] ] 2 
Ovary adenocarcinoma ] I 
Uterus sarcoma l 3 l 2 5 + 16 
fibroma l ] 2 
fibroangioma l l 
carcinoma 2 2 
Breast hbroadenoma 7 5 + l 3 l 21 
fibroma l 2 | ] 5 
adenoma 2 2 
adenolipoma | l 2 
adenocarcinoma ] l 
fibrosarcoma | l 
Scrotum sarcoma l l 3 
Prostate sarcoma ] l ] 3 
Penis sarcoma l l 2 
Neck hbrosarcoma 24 14 3 3 26 2 l 73 
fibroma l | 
adenoacanthoma l I 
carcinosarcoma l l 
unclassified l l 
Subcutaneous sarcoma 2 l ] 3 ] a) 
tissues fibroma 2 2 4 
lipoma l l l 3 
Face sarcoma 3 ] l 5 
sq. cell cancer 3 l l l / 
papilloma l l 
Ear papilloma l I 
melanoma ] ] 
unclassified l l 
Jaw adamantinoma I l 2 
odontoma ] | 
Tail papilloma | l l 
Optic nerve neurinoma l l 
Sebaceous gland carcinoma 1 l 
Total neoplasms 450 157 43 57 14 4 118 19 34 8 904 
Total tumor rats 428 152 43 57 14 + 116 19 33 8 874 
Multiple tumors 22 | 5 2 l 30 
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TasBLe II: AGE AND SPONTANEOUS TUMOR DISTRIBUTION OF First 10 BROTHER BY SISTER GENERATIONS OF 
FiscHER Line 344 Rats 
| Yo % % % % % % % %o 
Age, No. of % total cecal thymic No. of % total cecal thymic Total % total cecal thymic 
months males dead tumor tumor’ tumor females dead tumor tumor tumor rats dead tumor tumor’ tumor 
l 1145 0.4 2096 0.2 3241 0.3 
2 1140 5.6 2092 3.0 3232 3.9 
3 1076 6.6 2030 2.8 3106 4.1 
4 1001 4.1 1972 4.4 2973 4.3 
5 954 4.0 1879 4.7 2833 45 
6 908 3.4 1780 4.8 0.06 2688 4.3 0.04 
7 869 5.1 1679 3.9 2548 4.3 
81] 4.4 1597 4.2 2408 4.3 
9 760 6.4 0.13 1509 5.0 0.07 0.07 2269 5.5 0.09 0.04 
10 687 7.2 0.15 1405 6.3 0.07 2092 6.6 0.10 
11 604 6.7 0.50 0.50 1273 6.8 0.08 0.08 1877 6.8 0.21 0.21 
12 527 8.6 1130 7.3 0.44 0.44 1657 a 0.30 0.30 
13 429 723 0.47 0.47 977 6.5 0.31 0.20 1406 6.8 0.36 0.28 
14 346 5.4 0.29 0.29 840 6.9 1186 6.4 0.08 0.08 
15 284 6.6 1.41 1.07 695 6.5 979 6.5 0.41 0.31 
16 208 5.2 0.48 559 5.8 0.36 0.36 767 5.6 0.39 0.26 
17 148 4.4 0.67 437 » 585 4.9 0.17 
18 98 2.6 328 3.6 426 3.3 
19 68 1.8 252 He 1.19 320 2.8 0.94 
20 48 1.1 182 2.0 230 1.6 
21 36 0.8 141 1.8 0.71 177 1.4 0.56 
22 27 0.7 3.70 104 1.6 0.96 131 3 1.53 
23 19 0.8 71 0.9 1.41 90) 0.8 1.11 
24 10 0.4 10.00 53 1.1 1.89 63 0.9 3.17 
25 5 0.3 20.00 30 0.5 3.33 35 0.4 5.71 
26 2 20 0.3 10.00 22 0.2 9.09 
27 2 0.1 50.00 14 0.3 16 0.3 6.25 
28 l 7 G.1 8 0.1] 
29 ] 0.1 4 0.1 5 0.1 
30 l 0.1 100.00 l 0.0 100.00 
Total 1145 1.57 ().79 0 2096 1.19 0.52 0 3241 1.33 0.62 0) 
Over 
8 mos. 811 nae 1.11 0 1597 1.50 0.69 0 2408 1.74 0.83 () 
Over ; t 
12 mos. 527 2.47 1.14 0 1130 1.86 0.80 0) 1657 2.05 0.91 () 
Mean 
age 12.39 = 0.22 months 12.92 £ 0.13 months 12.81 = 0.11 months 
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TasLe Ill: AGE AND SponTANEOUS TUMoR DisrriBUTION OF Rats FROM I] TH ro 2lsr BROTHER BY SISTER 
GENERATIONS OF FISCHER LINE 344 
% % % % % % % G % 
\ge. No. of % total cecal thymic No. of “ total cecal thymic Total % total cecal thymic 
months males dead tumor tumor tumor’ females dead tumor’ tumor’ tumor rats dead tumor tumor’ tumor 
| 1887 0.7 193] 0.4 3818 0.6 
2 1873 2.9 1924 1.7 3797 aa 
| 3 1818 3.6 1892 3.] 3710 3.3 
4 1751 4.6 1833 5.4 3584s 5.0 
5 1665 6.3 1727 6.2 0.06 3392 6.2 0.03 
6 1546 6.1] 0.06 1608 5.1 3154 5.6 0.03 
/ 1431 6.5 1509 6.2 2940 6.4 
§ 1308 6.9 0.08 0.08 1389 6.0 0.14 0.14 2697 6.4 0.11 0.11 
Y 1178 8.7 0.08 0.08 1274 6.2 2452 74 0.04 0.04 
10 1013 9.8 0.30 0.30 1155 6.4 0.26 0.26 2168 8.] 0.28 0.28 
1] 828 95 0.48 0.36 1032 8.8 0.19 0.19 1860 9.2 0.32 0.27 
12 648 7.8 0.62 0.62 862 7.3 0.23 0.23 1510 75 0.40 0.40 
13 50] ya 1.00 1.00 721 9] Zo 1.11 1222 8.4 1.15 1.06 
14 356 6.8 1.12 0.84 545 6.8 0.37 0.18 90] 6.8 0.67 0.44 
15 227 ey 1.32 1.32 413 6.4 640 6.1 0.47 0.47 
16 119 ye 289 4.7 0.69 0.69 408 3.5 0.49 0.49 
) 17 76 «18 1993.4 27526 
1& 43 1.3 2.33 2.33 133 2.5 1.50 176 1.9 1.70 0.57 
: 19 18 0.4 84 Be 1.19 1.19 102 0.9 0.98 0.98 
: 20 1] 0.3 9.09 55 1.3 1.82 66 0.8 3.03 
7 21 5 0.3 30 0.8 35 0.5 
22 15 0.4 15 0.2 
; 23 8 0.3 12.50 $8 0.) 12.50 
4 24 3 60.1 3 60.1 
25 2 0.1 2 0.1] 
26 0.1 100.00 l 0.1 100.00 
Total 1887 1.48 | Pe 0 1931 1.50 1.14 0 3818 1.49 1.20 0 
Over 
| 8mos. 1308 2.06 1.83 0 1389 2.02 1.58 0 2697 2.04 1.71 0 
Over 
12 mos. 648 2.78 2.47 0 862 2.44 1.74 0 1510 2.58 2.05 0) 
f 
Mean 
age 9.16 = 0.12 months 11.06 = 0.13 months 10.35 = 0.09 months 
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TABLE V: AGE AND SPONTANEOUS TUMOR DISTRIBUTION OF Rats FROM IITH To 2Isr BROTHER BY SISTER 
GENERATIONS OF COPENHAGEN LINE 2331 


oe, Kael 6%)6|OlUd om Ck Met 6 ee ee Cee fe Ce ee ee 
months males dead tumor tumor tumor females dead tumor tumor tumor rats dead tumor tumor tumor 
| 809 82.4 905 1.2 1714 1.8 
2 790 2./ 894 ya 1684 2.7 
3 768 2.4 Q.13 87) 2.2 1638 ae 0.06 
4 749 ia 850) 5.0 1599 3.8 
5 729 5.6 805 4.8 1534 5.1 
6 684 6.3 762 4.2 1446 » 
7 633 4.4 724 3.8 1357 4.1 
§ 597 3.8 690) 4.2 1287 4.0 
Y 566 3.3 652 3.8 1218 3.6 
10 539 1.9 618 2.8 1157 2.3 
1] 524 2.0 0.19 0.19 593 Zz 1117 an 0.09 0.09 
12 S08 1.1 570 ta 1078 1.8 
13 499 2.0 549 2.6 1048 aa 
1+ 483 2.4 525 3.2 1008 2.8 
15 464 Zid 496 3.6 0.40 0.20 960 3.0 0.2] 0.10 
16 446 3.2 0.45 0.22 463 3.3 909 me 0.22 0.11 
17 420 4.4 0.48 0.48 433 3.1] 0.23 853 3.7 0.35 0.23 
18 3&4 4.9 0.52 0.52 405 3.3 0.25 0.25 789 4.1 0.38 0.38 
19 344 Pus 0.87 0.87 375 3.3 0.53 0.53 719 4.1 0.70 0.70 
20 303 4.0 0.66 0.33 345 3.8 1.16 1.16 648 3.9 0.93 0.77 
21 271 3.7 0.37 31] 4.4 ia 1.61 582 4.1 1.37 0.86 
22 241 5.8 1.66 1.66 271 4.3 3.69 1.85 512 5.0 2.73 1.76 
23 194 4.0) 2.06 1.55 232 $2 4.3] 3.88 426 3.7 3.29 2.82 
24 162 4.7 4.32 3.09 200 4.5 5.50 5.50 362 4.6 4.97 4.42 
25 124 4.4 5.65 5.65 159 4.2 5.03 4.40 283 4.3 5.30 4.95 
26 88 2./ 7.95 5.68 12] 4.0 5.79 5.79 209 3.4 6.70 5.74 
27 66 2.4 3.03 3.03 85 2.8 11.76 8.24 15] 2.6 7.95 5.96 
28 47 2.2 10.64 8.5] 60 A 6 8 11.67 107 2.4 12.15 10.28 
29 29 1.6 8 10.34 6.90 37 1.6 16.22 16.22 66 16 13.64 12.12 
30 16 1.1 6.25 6.25 23 1.1 17.39 17.39 39 1.1 = 12.82 12.82 
3] 7 0.55 14.29 14.29 13 0.7 23.08 23.08 20 0.6 20.00 20.00 
32 3 02 33.33 33.33 7 0.2 28.57 28.57 10 0.2 30.00 30.00 
33 l 0.1 100.00 100.00 5 0.4 60.00 60.00 6 0.3 66.67 66.67 
34 l 0.0 ] 0.0 
35 ] 0.1 100.00 100.00 ] 0.1 100.00 100.00 
Total 809 7.05 0 5.69 905 11.04 0 9.38 1714 9.15 0 7.64 
Over . 
12 mos. 508 10.83 0) 8.86 570 17.54 0 14.91 1078 14.38 0) 12.06 
Mean 
age 15.92 = 0.24 months 16.40 = 0.22 months 16.17 = 0.16 month 
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TaBLE VI: AGE AND SPONTANEOUS TUMOR DISTRIBUTION OF F; HyBrRID PROGENY FROM FISCHER LINE 344 
MALE AND COPENHAGEN LINE 2331 FEMALE PARENTS 


oO, OG 1, ay oO, 1, 0 CG, CG, 
niet 3% “a «at =e feet 6 6ale ce -ee ~<Shee- me: le eee ee 
months males dead tumor tumor’ tumor females dead tumor tumor tumor rats dead tumor tumor tumor 
| 63 0.0 70) 0.0 133 0.0 
2 63 3.2 70 2.9 133 3.0 
3 61 1.6 68 0.0 129 0.8 
+ 60 1.6 68 1.4 128 i 
5 59 1.6 67 1.4 126 1.5 
6 58 4.8 66 2.9 124 S4 
] 55 1.6 64 0.0 119 0.8 
8 54 3.2 64 4.3 118 3.7 
Y 52 3.2 6] 1.4 113 2.3 
10 50 1.6 60 2.9 110 ae 
1] 49 3.2 58 1.4 107 Ye 
12 47 6.3 57 4.3 104 >3 
13 43 3.2 54 2.9 97 3.0) 
14 41 6.3 52 8.6 93 Fp 
15 37. 3.2 46 29 83 3.0 
16 35 1.6 44 7.1 2.27 nat 79 45 cag 1.27 
17 34. 4.8 39 5.7 je 6D 
18 3] 3.2 35 2.9 66 3.0 
19 29 1.6 3A 5.7 62 Sf 
20 28 4.8 2° 8.6 3.45 57 6.8 1.75 
2] 25 95 23 29 48 6.0 
22 19 3.2 21 2.9 40 3.0 
23 17 1.6 19 8.6 5.26 36 5.3 2.78 
24 16 4.8 13 4.3 29 45 
25 > 85.3 10 i 23 9.0 
26 6 1.6 16.67 5 4.3 11 3.0 9.09 
27 5 3.2 2 2.9 7 3.0 
28 3 1.6 3 0.8 
29 2 1.6 2 0.8 
30 | 0.0 I 0.0 
3] ] 1.6 ] 0.8 
Total 63 1.59 0 0 70 4.29 1.43 () 133 3.01 0.75 0) 
Over 
12 mos. 47 2.13 0 0 57 5.26 La? 0) 104 3.85 0.96 () 
Mean 


age 17.42 = 0.64 months 17.92 = 0.55 months 17.67 = 0.43 months 
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Taste VII: AGE anp SPONTANEOUS TUMOR DiIsTRIBUTION OF Fi Hysprip PROGENY FROM COPENHAGEN LINE 
2331 MALE AND FiscHer LIne 344 FEMALE PARENTS 


Ch Of C Co Cc} C/ oy, Cf CG, 
Age, No.of % total cecal thymic No.of % total cecal thymic . Total % tetal cecal thysnic 
months males dead tumor tumor tumor females dead tumor tumor tumor rats dead tumor tumor tumor 
| 160 0.0. 181 0.0 341 0.0 
. 160 0.0” 181 0.0 34] 0.0 
5 160 0.0 181 0.5 34] 0.3 
160 LS 180 1.7 340 1.5 
5 158 i.3 177 3.9 335 2.6 
( 156 0.0 170 1.7 326 0.9 
/ 156 0.6 167 2.2 323 1.5 
X 155 ya 163 0.0 318 1.2 
y 15] 0.0 163 1.7 314 0.9 
1() 15] 1.9 160 1.7 311 1.8 
| 148 1.9 157 2.8 305 2.3 
12 145 3.8 152 3.9 297 3.8 
13 139 5.6 0.72 0.72 145 3.3 284 4.4 0.35 0.35 
14 130 Cm 139 2.8 0.72 0.72 269 29 0.37 0.37 
15 125 5.6 134 4.4 259 5.0 
16 116 8.8 126 3.9 242 6.2 
17 102 8.8 119 2.8 221 5.6 
ls SS 4.4 114 4.4 202 4.4 
iY S| io 106 6.6 0.94 187 70 0.53 
2) 69 5.0 1.45 1.45 94 3.3 163 4.] 0.61 0.61 
21 6] 3.8 | ele 7./ 149 5.9 
22 35 Be 3.63 74 3.9 1.35 129 5.6 2.33 
23 +3 3.1 67 6.1 1.49 110 4.7 0.9] 
24 38 5.0 2.63 56 5.0 1.79 94 5.0 4.43 
25 30 3.8 47 6.1 77 5.0 
26 24 1.9 36 2.2 2.78 60 2.0 1.67 
27 2] 5.0 32 3.9 53 4.4 
2s 13 a 25 2.8 38 2.6 
29 y) 3.] 20 3.3. 10.00 29 3.2 6.90 
30) 4 0.6 14 Lud 18 | Pe 
3] 3 0.0 10 0.5 13 0.3 
32 3 0.6 Y ia 11.11 11.11 12 1.5 8.33 8.33 
33 Z 1.3 5 1.7 7 1.5 
34 2 0.0 2 0.0 
35 2 0.0 2 0.0 
36 2 0.5 2 0.3 
37 0.0 0.0 
38 | 0.0 | 0.0 
39 | 0.0 | 0.0 
40) | 0.5 | 0.3 
Total 160 3.12 1.25 0 181 4.97 1.10 0 341 4.11 1.17 0) 
Over 
12 mos. 145 3.45 1.38 0) 152 5.92 1.32 0) 297 4.71 1.35 UV 
Mean 
age 20.65 = 0.48 months 21.07 = 0.51 months 20.88 = 0.35 months 
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one type of hybrid. Each table shows for males, 
females, and the total the number alive at the be- 
ginning of each month of age, the percentage that 
died trom all causes during the month, the percentage 
that died during the month with all spontaneous 
neoplasms, and the percentage that died with tumors 
of the thymus and of the cecal region. Each table 
gives also the incidence of all tumors and of thymic 
and cecal tumors for each sex and the total for the 
line or cross considered, and the final line gives the 
incidence in the rats that lived for at least 1 year. 
Since many rats of the short-lived Fischer Line 344 
died either with or without tumors before they were 
a year old, Tables II and III give the tumor incidence 
tor the rats that lived for at least 8 months. Three 
tumors occurred in rats of this strain that were under 
8 months of age; they were embryonal carcinomas of 
the kidney and one of the hosts was in the 5th and 
two were in the 6th month. Between the ages of 8 
and 12 months there were another embryonal carci- 
noma ot the kidney at 9 months, a fibroma of the ear 
and a fibroma of the leg at 10 months, a sarcoma ot 
the prostate at 11 months, and 20 lymphosarcomas in 
the cecal region. Only 2 rats of the Copenhagen Line 
2331 under one year were tumor bearers. One had an 
adamantinoma of the jaw at 3 months and the other 
a thymic tumor at 11 months. Four of the hybrids had 
tumors before they were a year old; a sarcoma of the 
scrotum at 6 months; a sarcoma of the spleen at 9 
months; and 2 cecal tumors, one at 10 and the other 
at 11 months of age. 

The last line of the 3 final columns in Tables II to 
XII inclusive shows tor the animals of the group 
that survived tor at least a year the percentage with 
a spontaneous neoplasm of any kind, a tumor of the 
thymus, and a tumor in the mesentery of the cecal 
region; these percentages are shown graphically by 
the appropriate column in Fig. 1. The height of the 
black-capped column represents the percentage with 
any kind of spontaneous neoplasm and the height ot 
the cross-hatched and stippled areas shows respectively 
the percentage with thymic and with cecal tumors. 
This figure also reproduces for each group the mean 
age at autopsy plus and minus the probable error. 
These data are presented at the bottom of each table 
and in Table XIII, and are represented in the figure 
by a solid circle, with an open circle on either side, 
placed directly over the center of the column that 
depicts the tumor incidence of the group. The age 
scale is shown at the right of the figure. 

Data trom Tables If and III and their graphic 
representations show that the rats of Fischer Line 344 
in both the first and second 10 generation groups had 
a low incidence of spontaneous tumors; 2.05 and 2.58 
per cent respectively. The difference, 0.53 + 0.36, be- 


tween the first and second 10 generations is not 
statistically significant. Nearly half the tumors in the 
first 10 generations and 80 per cent of those in the 
second 10 generations of this line were located in the 
mesenteric lymph nodes of the ileocecal region. The 
incidence of this type of neoplasm in the 2 groups 
was respectively 0.91 and 2.05 per cent and the dif- 
ference between them, 1.15-+0.29, is 4.0 times its 
probable error and probably significant. In the second 
10 generations of inbreeding the mean average life 


+20 
225 


20- 
. 
a -i4 


-_ 


n 


4 


ro) 


4 


& 


« 


























see SS WWW ee a 
805 ong RS Y/.. oe 6 
sos r £33 ‘ “4 mies ° “ os ee // ae 
z z z z ” bf : 7 4 < 
ra % & 2 3 a x 3 ~ 3 
° ° ° ° x an a x ¢ 7 
i ° : ° z Ps} = a4 rs 
— a “ Roa. an a — ail 
LINE 344 LINE 2331 F, BACKCROSS 
_ TOTAL SPONTANEOUS TUMORS FP] CECAL TUMORS THYMIC TUMORS 


Fic. 1.—Showing, tor the parental lines and their hybrids, 
the mean age and the percentage of spontaneous neoplasms 
among the rats that survived for 1 year. 


span was significantly decreased, trom 12.8+0.1] 
months to 10.4+0.09 months. 

Fig. 2, A shows graphically for the total rats of 
the first 10 generations of this line (Fischer 344) the 
relation between the age at death and the incidence 
of mesenteric lymph node sarcoma and other spon- 
taneous neoplasms. The broken line histogram in- 
dicates the death rate, and the stippled and blackened 
areas represent respectively the percentage of rats 
dead with mesenteric lymph node sarcoma or other 
spontaneous neoplasm among those alive at the 
beginning ot each month of age plotted on the arith- 
log scale. This figure shows that the deaths from 
mesenteric lymph node sarcoma were grouped around 
the mean age, whereas the majority of deaths from 
other types of neoplasm occurred in rats that lived 
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Fic. 2.—Age and spontaneous tumor distribution of rats of parental lines. 


A—Fischer Line 344, 1 to 10 B XS generations. 
B—Fischer Line 344, 11 to 20 B XS generations. 
C—Copenhagen Line 2331, 1 to 10 B XS generations. 
D—Copenhagen Line 2331, 11 to 20 BX S generations. 
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well beyond the mean age span. The rats of the [1th 
to 20th generations of this line are similarly represented 
in Fig. 2,B. Comparison of the two figures shows 
that as the mean age decreased in the second 10 
generations of inbreeding the deaths from mesenteric 
lymph node sarcoma selectively increased and the 
deaths from other neoplasms diminished. There were 
no tumors of the thymus in rats of this line. 

In contrast, approximately 80 per cent of the high 
tumor incidence observed in both the first and the 
second 10 generation groups of Copenhagen Line 
2331 (Tables IV and V and the cross-hatched areas of 
Figs. 1; 2, C; and 2, D) was due to thymic tumors. 
Among the rats that lived for at least a year the inci- 
dence of all spontaneous tumors was 20.1 per cent in 
the first 10 generations and 14.4 in the second 10 gen- 
erations. The difference, 5.8+0.97, is statistically 
significant. The incidence of thymic tumors in_ the 
first and second 10 generations was respectively 16.25 
and 12.06 per cent, with a_ statistically significant 
difference of 4.20.89 per cent. In both groups the 
percentage of thymic neoplasms was significantly 
higher for females than for males. In the first 10 
generations there were 1,083 males and 1,153 females 
that survived for at least 1 year. Of these 105, or 9.7 
per cent, of the males and 258, or 22.4 per cent, of 
the females died with thymic tumors. In the second 
10 generations the rats that survived tor a year or more 
were 508 males and 570 temales; 45, or 8.9 per cent, 
of these males and 85, or 14.9 per cent, of the females 
subsequently died with thymic tumors. Figs. 2, C 
and 2,D show graphically that deaths from all neo- 
plasms increased rapidly with increase in age. Since 
the majority of neoplasms occurred in rats that 
survived the mean life span, the significant decrease 
in tumor incidence in the second 10 generations of 
this line probably resulted from the lowered average 
life span, which decreased from 19.6+0.13 months 
in the first 10 generations to 16.2 +0.16 in the second 
10 generations. 

In the first group 1,429 rats were alive at 20 months 
of age and 312, or 21.8 per cent, of these subsequently 
died with thymic neoplasms. In the second group 
648 lived to 20 months of age and 122, or 18.8 per cent, 
died with tumors of the thymus. Ninety-one rats trom 
the first 10 generations of inbreeding and 39 from the 
second 10 lived to 30 months of age. Of these 42 and 
17, or 46 and 44 per cent respectively, died with 
thymic growths. Inbreeding and selection apparently 
tailed to alter the predisposition of the thymus to 
neoplasia. 

In the first 10 generations of Line 2331 there were 
2 tumors of the mesenteric lymph nodes, an incidence 
of less than 0.1 per cent. There were no growths in 
this location in rats of the second 10 generations. 


The differences observed in the first 10 generations 
of the parent lines in the percentage incidence of 
tumors and the type characteristic of 
these lines persisted in the second 10 generations, 
which were contemporaries of the hybrids. There 
were 57 tumor bearers among the 3,818 rats of the low 
tumor parent Line 344, or 1.49 per cent (Table IIT). 
The higher tumor parent line 2331 (Table V) had 
1,715 rats, of which 157, or 9.15 per cent, were tumor 


spontancous 


bearers. There were 133 F, progeny with low tumor 
line male and higher tumor line female parents: 
1.c., 344 2331 (Table VI). Of these 4, or 3.0. per 
cent, were tumor-bearers. From the reciprocal cross 
(Table VIL) there were 341 rats, of which 14, or 4.1 
per cent, were tumor-bearers. The difference in the 
2 groups of F, hybrids is not significant, but the 
percentage of tumor-bearers in both hybrid groups 
is significantly higher than their Line 344 and lower 
than their Line 2331 relatives. Figs. 3, A and 3, B, 
however, show graphically for the F, reciprocal 
hybrids the reduction in incidence of the neoplasms 
characteristic of both inbred parent lines. No tumors 
of the thymus were observed in these hybrids, and 
the percentage of mesenteric lymph node sarcomas 
was reduced from 80 per cent of the total neoplasms 
of the parent Line 344 to 28 per cent of the neoplasms 
in the hybrids. 

The mean life span of the F, hybrids of both sexes 
as shown in Tables VI and VII and for the totals in 
igs. 1; 3, A; and 3, B was significantly longer than 
that observed for contemporaneous relatives of either 
parent line, and the progeny of the reciprocal matings 
differed significantly from each other in mean life 
span. The progeny of long lived Line 2331 males and 
short lived Line 344 
20.9 + 0.35 months, whereas the reciprocal hybrids of 


females lived an average of 
long lived mothers and short lived fathers had an 
average life span of only 17.7 + 0.43 months. Evidently 
the long lived Line 2331 mother contributed less to 
the longevity of her progeny than the male parent 
trom the same line. Since the hybrid progeny of the 
short lived female parents lived significantly longer 
than the progeny of the reciprocal matings, there is 
no evidence of the maternal transmission of either 
resistance or susceptibility to common laboratory 
diseases. 

The backcrossed hybrids likewise had as long an 
average life span when the male parent came from the 
long lived strain as when the female parent was of 
this strain, but when either parent was from the 
short lived line the average life span of the back- 
crossed progeny was significantly reduced. The data 
for the backcrossed hybrids are presented in ‘Tables 
VIIf to XII and shown graphically in Fig. 4. The 
1,271 progeny of F, (2331 x 344) females backcrossed 
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to Line 2331 males lived an average of 20.80.17 
months. The average life span of 498 backcrossed 
hvbrids trom Line 2331 males and F, (344 x 2331) 
hybrid females was 19.8+0.27 months. This differ- 
cnce is not significant, but the 306 backcrossed hybrids 
trom Line 2331 females and F, hybrid males had an 
lite of 19.2+0.36 months, which 1s 
significantly less than that observed for the larger 


AVCTARC span 


group of reciprocal hybrids. The backcrossed hybrids 


frequency of cecal tumors in backcrossed hybrids 
from Line 2331 female parents. In this group 263 
progeny lived to 8 months of age and 7 subsequently 
died with lymphosarcomas. 

Although the proportion of thymic neoplasms in 
the contemporaneous Line 2331 relatives increased 
with age toward a theoretical 100 per cent, and was 
not altered by inbreeding, the backcrossed hybrids 
with one Line 2331 parent, despite their long average 
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Fic. 3.—Age and spontaneous tumor distribution of reciprocal Fi hybrids. 


A—F; progeny from Copenhagen Line 2331 male and Fischer Line 344 female parents. 
B—F: progeny from Fischer Line 344 male and Copenhagen Line 2331 female parents. 


with one Line 344 parent, on the other hand, were 
significantly shorter lived. The 1,126 progeny of F;, 
temales backcrossed to Line 344 males had an average 
life span of 14.2+0.16 months, and 294 progeny of 
F, males and Line 344 females survived an average 
of 14.9+0.33 months. 

Since lymphosarcomas of the ileocecal mesentery 
occurred early in life the variation in average life span 
had little effect on their incidence. Mesenteric lymph 
node sarcomas were observed in both sexes in all 
categories of backcrossed hybrids in a proportion not 
significantly different from that observed for their 
contemporaneous relatives of Line 344. Since the 
contemporaneous Line 2331 relatives had no tumors 1n 
this location it was surprising to find the highest 


life span, showed more than the expected reduction in 
these tumors. No thymic growths were observed in 
the F, hybrids, but a few appeared in the progeny of 
these hybrids backcrossed to Line 344, the completely 
non-thymic tumor parental line. Comparison of 
Figs. 4, A and 4,C shows that more thymic neoplasms 
occurred in the backcrossed hybrids with Line 233] 
male parents than in the reciprocal cross; this was 
most unexpected, since the Line 2331 females had a 
higher incidence than their brothers. In this group of 
backcrossed hybrids, also, the females had a higher 
incidence of thymic tumors than their brothers. 
Among 479 male hybrids that survived for 1 year 4, 
or less than | per cent, died with thymic tumors; but 
21 of 575, or 3.7 per cent, of their sisters that survived 
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Tapte VIE: Ack AND Spontaneous TUMoR DistrripuTION OF BackKcROossED Hyprip PROGENY FROM COPENHAGEN LINE 
2331 Mare anno Fy (C & F) FemMare PARENTS 
W/ wy wi Of O% % We % % 
Age, No. of / total cecal thymic No. of Wi, total cecal thymic Total Wi, total cecal thymic 
months males dead tumor tumor tumor females dead tumor tumor tumor rats dead tumor tumor tumor 
| 593 ().7 678 0.4 1271 0.6 
2 S89 0.7 675 0.4 1264 0.6 
3 S&5 1.2 672 0.8 1257 1.0 
| 578 29 666 1.9 1244 2.4 
5 56] ee | 653 24 1214 2.5 
. 545 2.4 637 1.5 1182 19 
/ 53] 2.0 627 1.8 L158 1.9 
& 519 3.2 615 1.5 1134 a 
y) S00 0.8 605 1.3 Q.17 1105 1.1 ).09 
10 495 1.2 596 1.6 109] 1.4 
1] 488 1.5 S85 1.5 0.17 0.17 1073 1.5 0.09 0.09 
12 479 1.3 : 575 2.2 1054 1.8 
13 471 3.0 0.2] 0.2] 560 1.3 1031 2.1 0.10 0.10 
14 453 3.0 0.44 ().22 551] 3.0 1004 3.0 0.20 0.10 
1S 435 3.9 0.23 53 3.4 0.19 0.19 906 3.6 0.21 0.10 
lo 412 3.4 «049 0.24 0.24 S508 3.4 0.79 0.79 920 3.4 0.65 0.54 0.1] 
17 392 3.9 0.26 485 4.0 0.2] 0.2] $77 3.9 ).23 O.1] 
ls 369 29 458 3.4 $27 3.2 
1Y 352 3.9 435 4.3 787 5.0 
20 317 6.1 0.63 406 4.4 0.25 0.25 723 5.2 0.41 0.14 
2] 281 5.7 0.37 376 4.7 0.80 0.53 657 5.2 0.6] 0.30 
22 247 5.2 1.21 344 3.7 0.58 ().29 5°] 4.4 (0.85 0.17 
23 216 5.6 1.39 0.46 319 pw. 0.63 535 5.4 0.93 0.19 
24 «1835.92.19 0.55 284 «5.8142 106 467 58 171 ().86 
25 148 +.6 2.03 0.68 245 6.2 2.04 0.4] 1.63 AU3 5.4 2.04 0.25 1.27 
26 121 5.1 4.96 203 5.9 0.99 ().99 324 » Pe 2.47 0.62 
27 9] 3.7 4.40 1.10 163 4.9 0.61 0.61 254 4.3 1.97 0.79 
28 69 2.7 130 3.7 3.08 ().77 199 32 2.01 0.50 
29 53 1.8 1.89 105 3.5 7.62 3.81 158 2.8 5.70 2.53 
30) 42 2.2 952 4.76 S| 4.0 2.47 2.47 123 3.2 4.88 1.63 1.63 
31 29 1.5 6.90 54 3.1 5.56 1.85 1.85 83 2.4 6.00 1.20 1.20 | 
32 20 1.3 5.00 33 1.3 53 1.4 1.89 f 
33 12 17 833 © 8.33 246«41.9 9 4.17 36 («18 (556.78 
34 2 02 ll 60.4 13.0.3 : 
35 l 0.2 8 0.7 25.00 25.00 9 05 22.44 yams 
36 3 0.4 3 ().2 
37 l 0.2 | 0.1] 
Total 593 7.08 1.18 ().67 678 7.08 1.77 3.10 1271 7.08 1.49 1.97 
Over | 
12 mos. 4/79 8.77 1.46 0.84 375 8.00 1.9] 3.65 1054 8.35 1.70 2.37 : 
Mean 


age 20.14 = 0.25 months 21.29 = 0.23 months 20.78 = 0.17 months 
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TABLE IX: AGE AND Spon TaANrous TUMOR DistriBUTION oF BACKCROssSED Hysprip PROGENY 
2331 Mace ann Fy (F & C) Femare Parents 


FROM COPENHAGEN LIN} 








\ve, No. of Of ame ennai iat No. of A cated coeal thymic Total Wy / total one thymic 
months males dead tumor tumor tumor females dead tumor tumor tumor rats dead tumor tumor tumor 
| 228 1.3 270 ma 49% 1.8 
2 225 1.8 264 iw 4&9 1.6 
5 22] 1.3 260 0.7 4% | 1.0 
218 2.6 258 1.5 476 2.0 
5 212 2.2 254 3.0 466 2.6 
6 207 2.2 246 1.9 453 2.0) 
7 202 4.4 24] io 443 2.8 
§ 192 3.1 237 2.6 429 2.8 
) 1&5 x 230 3.0 415 2.2 
10) 1&2 1.8 222 3.3 404 2.6 
|] 178 0.4 213 1.5 $9] 1.0 
12 177 2.2 209 1.9 3K6, 2.0) 
I3 172 2.6 0.58 204 1.5 376 2.0) ().27 
I 166 2.2 200 3.3 366 2.8 
15 16] 2.6 19] 1.5 0.52 0.52 $52 2.0 0.28 0.28 
16 155 1.4 1 $7 3.7 342 4.0 
17 145 6.1 1.38 0.69 177 3.0 0.56 0.56 322 4.4 0.93 ().62 
Is 1s] 1. 169 4.] 300 3.0 
19 127 a 158 6.3 0.63 2&5 5.0 0.35 
20) 119 1.8 14] 4.4. 7] 260 3.2 0.38 
2] 115 4.0 0.87 129 7.4 244 5.8 0.4] 
22 106 9.6 0.94 109 5.2 ().92 215 I oh 0.83 
23 &4 4.8 95 4.8 2.10 179 4.8 1.12 
24 73 9.6 4.1] 82 4.8 155 70 1.94 
25 515.7 3.92 1.96 69 «44 120, 5.0 «1.67 -0.83 
; 26 38 2.6 57 3.0 1.75 95 2.8 1.05 
| 27 32 3.] 49 4.8 4.08 2.04 8] 4.0) 2.47 1.23 
2 2 3.] 36 2.6 2.78 6] 2.8 1.64 
29 1s 2.6 II. 29 2.6 3.45 47 2.6 6.38 
50) 12 2.2. 16.67 8.33 22 3.7 4.55 34 3.0 8.82 2.94 
3 | / 0.4 12 ean 19 1.4 
32 6 tia 6 1.9 12 1.6 
f 33 5 0.4 33.33 | 0.0 4 0.2 25.00 
| 34 2 0.9 1 60.0 3 04 
35 1 0.0 1 0.0 
36 lL = 0.0 1 0.0 
37 | 0.0 | 0.0 
38 | 0.4 0.2 
| Total 228 6.58 1,32 0 270 4.81 0.74 0.37 498 5.62 1.00 0.20 
) Over 
' 12 mos. 177 8.47 1.69 0) 209 6.22 0.96 0.48 386 7.25 1.30 0.26 
Mean 


age 19.49 = 0.41 months 20.13 + 0.37 months 19.83 £0.27 months 
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TABLE X: AGE AND SPONTANEOUS TUMOR DistRIBUTION OF BACKCROSSED Hyprip PRoGENY KROM Fy, MALE AND 
CoPENHAGEN LINE 2331 FEMALE PARENTS 


Ci C7 CZ C7 C7 C/, % C/ 


Age, No. of % total coun! tepenbe No. of Of total cecal tanenie Total % total cocnt thymic 
months males dead tumor tumor tumor females dead tumor tumor — tumor rats dead tumor tumor tumor 
| 140 0.0 166 1.2 306 0.6 
2 140 2.9 164 3.0 304 2.9 
3 136 a8 159 2.4 295 a 
4 133 0).7 155 1.8 288 13 
5 132 4.3 152 1.2 284 2.6 
6 126 2.9 150 3.0 276 2.9 
/ 122 0.7 145 1.8 267 ey 
S 12] 0.7 142 1.8 263 a 
9 120 1.4 139 1.2 259 x 
10 118 0.7 137 bok 255 1.0 
1 | 117 Za 135 0.6 252 x 
12 114 2.9 134 5.4 248 4.2 
13 110 2.1 125 0.6 235 um 
1+ 107 2.9 124 1.2 23] 2.0 
15 103 5.7 ().97 0.97 122 5.4 a9 5.6 0.44 0.44 
lo 95 4.3 113 4.8 208 4.6 
17 8Y 7.9 1.12 105 2.4 194 49 0.52 
1&8 78 2.9 lO] 5.4 179 4.3 
19 74 2.1 1.35 15> 92 3.6 166 2.9 0.60 0.60 
20 71 10.0 4.23 2.82 86 4.8 157 7.2 1.9] 1.27 
21 57 Wf 351] 1.75 78 4.2 1.28 135 4.9 ike 0.74 
22 49 2.9 7 | 3.6 120 3.3 
23 45 > ie © * Zi * ©. 65 3.6 3.08 100=—6 4.6000 2.73 (0.91 
24 37 5.0 59 6.0 3.39 1.69 96 5.6 2.08 1.04 
25 30 2.9 3.33 3.33 49 6.0 79 +.6 P 4 1.27 
26 26 6.4 39 3.6 2.56 £56 65 4.9 1.54 1.54 
27 17 3.6 33 6.6 50 5.2 
28 12 1.4 22 4.8 9.10 4.55 34 $5 5.88 2.94 
29 10 2.9 14 1.8 24 2.5 
30 6 0.7 1] 1.8 17 BK 
3] 5 1.4 a) 2.4 12.50 12.50 13 2.0 7.69 7 69 
32 3 0.7 4 1.2 7 1.0 
33 2 1.4 2 0.6 4 1.0 
34 l 0.0 | 0.0 
35 | 0.6 | 0.3 
Total 140 7.14 3.57 1.43 166 5.42 1.20 1.20 306 6.21 2.29 1.31 
Over 
12 mos. 114 8.77 4.39 1.75 134 6.72 1.49 1.49 248 7.66 2.82 1.61 
Mean 


age 18.92 £0.52 months 19.45 = 0.51 months 19.22 = 0.36 months 











RD: AK. PRINTER WAL ST 








Dunning and Curtis—Spontaneous Tumors in Hybrid Rats 7/7 





Taste XI: Ack AND Sponranetous Tumor DisrripuTion oF BAcKcRossED Hysrip PROGENY FROM FISCHER 











: Lint 344 MALE AND Fi FEMALE PARENTS 
%o To To N % % % % Te 
\ge, No. of I total cecal thymic No. of / total cecal thymic Total i total cecal thymic 
months males dead tumor tumor’ tumor females dead tumor tumor tumor rats dead tumor tumor’ tumor 
| 570 0.0 556 0.5 1126 0.3 
2 570 1.0 553 0.0 1123 0.5 
3 564 Z.1 353 1.8 1117 2.0 
4 552 1.8 343 3.] 1095 2.4 
5 542 4.7 526 6.8 1068 5.8 
6 515 4.4 0.19 488 29 1003 3.6 0.10 
7 490 4.2 472 bub 962 3.2 
8 466 4.0 460 hak 926 3.1 
9 443 1.9 448 1.3 89] 1.6 
10 432 3.0 0.23 0.23 44] 3.6 873 3.3 0.11 0.11 
1 | 415 4.9 42] 5.0 0.24 836 5.0 0.12 0.12 
|2 387 6.0 0.25 0.25 393 5.6 1.53 1.02 0.25 780 5.8 0.90 0.64 0.13 
13 353 9.1 0.28 0.28 362 5.4 715 43 0.14 0.14 
14 30] Ys 332 70 633 7.2 
15 259 6.7 0.39 0.39 293 7.4 552 70 0.18 0.18 
16 221 9.5 1.36 1.36 252 6.5 473 8.0 0.63 0.63 
17 167 5.6 1.20 0.60 0.60 216 6.7 0.93 0.46 383 6.1 1.04 0.52 0.26 
18 135 7.4 0.74 0.74 179 6.8 1.68 0.56 314 Fe 1.27 0.32 0.32 
19 93 3.2 14] 4.9 0.71 234 4.0 0.43 
20) 75 2.8 1.33 114 5.4 0.88 189 4.1 1.06 
2] 59 1.6 84 5.4 1.19 143 35 ()).70 
22 502.6 5425 1.85 104 2.6 0.96 
23 35 1.6 40) 1.6 5.00 75 1.6 2.67 
| 24 26 «19 31 16 57 —s 1.8 
| 25 IS 1.0 667 6.67 22s 1 37, «1.2.70 2.70 
26 9 0.4 16 0.9 6.25 6.25 25 0.6 4.00 4.00 
27 7 0.5 1] 0.5 18 0.5 
28 4 0.5 8 0.7 12.50 12 0.6 8.33 
: 29 1 02 4 0.0 5 0.1 
, 3() 4 0.2 4 0.1 
3 3 «0.2 3 OO. 
L 32 2 0.0 2 0.0 
33 2 0.0 2 0.0 
34 2 0.2 50.00 50.00 2 0.1 50.00 50.00 
35 0.2 l 0.1 
Total 570 2.28 1.58 0.35 356 3.78 1.62 0.18 1126 3.02 1.60 0.27 
’ Over 
| 12 mos. 387 2.84 2.07 0.52 393 5.09 2.04 0.25 780 3.97 2.05 0.38 


Mean 
age 13.34 = 0.23 months 14.80 = 0.22 months 14.12 = 0.16 months 
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TasLeE XII: AGE AND SPONTANEOUS TUMOR DISTRIBUTION OF BACKCROSSED HyBriIp PROGENY FROM F; MALE 
AND FiscHER LINE 344 FEMALE PARENTS 





L}, Ch, CG, Cf, Cf G C/ Cf 47 A 
Age, No. of 07 total cecal thymic No. of % total cecal thymic Total % total cecal thymic 
months males dead tumor tumor tumor females dead tumor tumor tumor rats dead tumor tumor tumor 
l 154 - 140 0.0 294 0.7 
2 152 1.3 140 1.4 292 1.4 
3 150 1.3 138 1.4 288 1.4 
+ 148 3.2 136 3.6 284 3.4 
5 143 3.2 131 2.9 274 3.1 
6 138 +.6 127 2.1 265 3.4 
/ 13] 0.6 124 4.3 255 2.4 
& 130 3.2 118 1.4 248 2.4 
Y 125 3.2 116 2.1 241 2./ 
10 120 2.6 113 0.7 233 1.7 
1] 116 4.6 0.386 0.386 112 3.6 228 4.1 0.44 0.44 
12 109 6.5 107 3.6 216 Dal 
13 99 De 1.01 1.01 102 3.6 201 4.4 0.50 0.50 
14 9] 10.4 1.10 1.10 97 5.7 188 8.2 0.53 0.53 
15 75 9] SY 6.4 164 7.8 
16 61 7.1 80 =10.7 141 S.8 
17 50 7.1 65 = 10.7 1.54 115 8.8 0.87 
18 39 5.8 50 7.1 89 6.5 
1Y 30 3.9 40 8.6 70 6.1 
20) 24 0.0 28 2.9 3.57 52 1.4 1.92 
21 24 3.9 24 5.0 48 4.4 
22 18 2.0 17 é:1 35 2.0 
23 15 2.0 14 2.9 29 2.4 
24 12 2.0 10 0.7 22 1.4 
25 Y 1.3 Y ne 18 La 
26 7 1.3 6 0.0 13 0.7 
27 5 0.7 6 1.4 11 1.0 
2& 4 13 650.00 25.00 4 0).7 8 10 25.00 12.50 
29 2 13 50.00 50.00 3 1.4 5 1.4 20.00 20.00 
30 ] 0.7 l 0.3 
Total 154 3.90 3.25 0 140 1.43 0 0 294 2.72 1.70 0 
Over 
12 mos. 109 4.59 3.67 0 107 1.87 0 0 216 3.24 1.85 0 
Mean 
age 14.05 = 0.49 months 15.76 = 0.43 months 14.91 = 0.33 months 
TaBLe XIII: Mean Lire Span = P. E. in Montus oF EacH Group oF RATs AND NUMBER AND PERCENTAGE 
oF Rats wirH NeopLasMs INVOLVING MISCELLANEOUS ORGANS AND TISSUES 
Miscellaneous 
Mean life Total tumors 
span + P.E. Total over 12 rc ‘ — 
Group in months rats months number per cent 
Line 344, 11 to 20 gen. 10.4 = 0.09 3818 1510 9 0.59 
Line 344, 1 to 10 gen. 12.8 = 0.11 3241 1657 19 1.14 
Fi X 344 14.9 + 0.33 294 216 '. 1.39 
344 & Fi 14.1 = 0.16 1126 780 12 1.54 
Line 2331, 11 to 20 gen. 16.2 + 0.16 1715 1078 25 2.32 
344 & 2331 17.7 = 0.43 133 104 3 2.89 
F; X 2331 19.2 = 0.36 306 248 8 3.23 
2331 XK 344 20.9 = 0.35 341 297 10 3.36 
Line 2331, 1 to 10 gen. 19.6 + 0.13 2882 2236 85 3.80 
2331 & (2331 X 344)F: 20.8 = 0.17 1271 1054 45 4.28 


2331 & (344 X 2331)F; 19.8 = 0.27 498 386 22 5.60 
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Fic. 4.—Age and spontaneous tumor distribution of backcrossed hybrid progeny. 


A—Backcrossed hybrid progeny from Copenhagen Line 2331 male and F; female parents. 
B—Backcrossed hybrid progeny from Fischer Line 344 male and F; female parents. 


C—Backcrossed hybrid progeny from F; male and Copenhagen Line 2331 female parents. 


D—Backcrossed hybrid progeny from Fi male and Fischer Line 344 female parents. 
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to this age died with such growths. Some influences 
other than those postulated by orthodox genetic 
hypotheses obviously play a determining role in the 
incidence of these neoplasms, or tabulation of their 
gross presence or absence is an inadequate index of 
the existence of the responsible genes. 

Spontaneous tumors in regions other than the 
thymus and cecal regions occurred in both parent 
lines, in the reciprocal F, hybrids, and in all types of 
backcrossed hybrids. There were 251 of these neo- 
plasms, of which 241 occurred in rats more than | 
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Fic. 5.—Inbred and hybrid rats arranged in order of per- 
centage incidence of miscellaneous neoplasms in rats that lived 
to 1 year of age, and average lite span for each group. 


year old. These tumors, classified by location and 
morphology in Table I, fall into 27 different classes 
according to the organ or tissue involved, and into 
15 morphological categories. The 11 groups of pure 
line and hybrid rats are arranged in Table XIII in 
order of the percentage incidence of these miscellaneous 
neoplasms in the animals that lived to 1 year of age, 
and the average life span for each is included. These 
two frequencies, plotted in Fig. 5, show a positive 
relationship. As the incidence of miscellaneous spon- 
taneous tumors increased from 0.59 to 5.60 per cent, 
the average life span increased more or less directly 
from 10 to 20 months. Hybridization to any degree 
of the short lived low tumor line with the longer 
lived higher tumor line increased the proportion of 
miscellaneous neoplasms. The F, and_ backcrossed 
hybrids to Line 2331 surpassed their contemporaneous 
inbred Line 2331 relatives in incidence of miscel- 
laneous spontaneous neoplasms, presumably because 


they lived longer. 


SUMMARY 


1. In 2 inbred lines and their reciprocal F, and 
backcrossed hybrids there were 874 rats with 9(4 
independent spontaneous neoplasms. Of these 126 
involved the cecum and adjacent mesenteric lymph 
nodes, 527 the thymus gland, and 251 arose in 
miscellaneous organs and _ tissues. 

2. The first 10 brother by sister generations of 
Fischer Line 344 had an average life span of 12.81 + 
0.11 months. Forty-two neoplasms, of which 20 were 
mesenteric lymphosarcomas, were observed among 
2,408 rats that survived for at least 8 months. In the 
llth to 21st brother by sister generations 2,697 rats 
survived tor at least 8 months and 55 had spontaneous 
neoplasms, of which 47 were lymphosarcomas of the 
cecal region. The average life span of these rats was 
10.35 +0.09 months. 

3. The first 10 brother by sister generations of 
Copenhagen Line 2331 had an average lite span of 
19.58+0.13 months. Among 2,236 rats that survived 
tor at least 12 months, 450 neoplasms were observed. 
Of the total neoplasms 363, or 80 per cent, arose in 
the thymus, and only 2 involved the lymph nodes ot 
the mesentery. In the I1lth to 21st brother by sister 
generations the high incidence of the characteristic 
thymic neoplasms persisted, but was not increased. 
Among 1,078 rats that survived for 1 year, 130 thymic 
neoplasms were observed. The average life span of 
this group of rats was decreased to 16.17+0.16 
months. . 

4. Reciprocal F, hybrids between these 2 inbred 
lines had a longer average life span than the con- 
temporaneous relatives of either parent line. Progeny 
ot Fischer 344 males and Copenhagen 2331 females 
lived an average of 17.73+0.43 months and _ the 
reciprocal hybrids 20.9+0.35 months. No thymic 
neoplasms were observed in the F, hybrids, and the 
incidence of mesenteric lymph node tumors was less 
than that observed for Fischer 344 rats. The per- 
centage of tumors involving miscellaneous organs and 
tissues was greater than that observed for the low 
tumor parent line. There was no evidence of the 
maternal transmission of either susceptibility or re- 
sistance to the common laboratory diseases. 

5. Progeny of the F, hybrids backcrossed to the 
long lived higher tumor line lived longer and had a 
significantly higher tumor incidence than the progeny 
of these hybrids that were backcrossed to the low 
tumor short lived line. 

6. Mesenteric lymph node sarcomas were observed 
in all groups of backcrossed hybrids in a proportion 
not significantly different from that observed in the 
Fischer 344 parent line, but significantly higher than 
the Copenhagen 2331 line. 

7. Thymic neoplasms were observed in 3 of the 4 
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_roups of backcrossed hybrids, but in a significantly 
\iwer percentage of rats than was observed for the 
( openhagen 2331 parent line. 

8. Spontaneous growths involving miscellaneous 
organs and tissues occurred in both parent lines and in 
ail the hybrid groups. Longevity and hybrid vigor 
seemed to be potent influences in the incidence of 
these neoplasms. 
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The Growth of Mammalian Tumors in Fertile Eggs 


Is a Filterable Cancer Virus Produced? 
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In 1936 Bittner demonstrated for the first time 
that mammary cancer in the laboratory mouse 1s 
related in some way to a substance found in the milk. 
So-called low-tumor strains could be made to develop 
cancer by feeding the young mice with milk derived 
from a high-tumor strain mother, whereas the inci- 
dence of mammary cancer in high-tumor strain 
females could be greatly reduced by foster nursing 
them from birth on low-tumor'strain mothers. 

That these observations are true has been confirmed 
by many investigators (1). There is no question that 
the milk influence has a large role to play in the 
production of mammary cancer in the mouse, and 
that this agent is propagable in the mouse from genera- 
tion to generation. Its physical properties have been 
studied extensively by various workers, and it has been 
found by Bittner to be filterable through Seitz filters; 
by Bryan and Andervont, through Berkefeld filters; to 
remain active in 50 per cent glycerine in the icebox 
for 7 to 9 days but not for as long as 81 days; and to 
be still effective after lyophilization and resuspension 
in water 6 months later. The agent is destroyed by 
heating at 61° to 66° for 30 minutes, but will survive 
in mouse milk kept at 8° C. for 14 days. It is active 
at pH 5.5 to 10.2, but inactive at pH 4.5. Ultracen- 
trifugation shows the milk influence to be sedimented 
at 110,000 times gravity for 1 hour. Ultraviolet 
absorption spectrograms reveal a high percentage of 
nucleic acid in the active fractions of mouse milk, 
an indication that ‘the material is either an altered 
ribose nucleic acid complex or something carried along 
in close association with it. It is not in the ether- 
soluble fraction of milk, as shown by Hieger. The 
agent is capable of causing the formation of immune 
sera when injected into rabbits. 

In a recent review of the milk influence Andervont 
(1) concludes that “filtration and ultracentrifugation 
experiments show that |it| can be transmitted by 
cell-free material, and its transmission through many 
generations of implies propagation. These 
features suggest the action of an agent belonging or 
related to the viruses.” 


Consequently when Taylor (17) published the 


mice 


results of experiments in which he had grown mouse 
mammary cancer successfully in fertile eggs, and then 
apparently demonstrated the presence of a filtrable 
virus-like principle in the surrounding yolk that would 
reproduce the tumor in a few days when injected into 
susceptible mice (15), the demonstration of a virus as 
causative agent of a mammalian tumor did not seem 
beyond the bounds of possibility according to accepted 


theory. What gave Taylor’s observations particular 


significance was, first, his implication that this method 
of virus tumor propagation and demonstration was not 
limited to mouse mammary cancer and, second, the 
tremendous saving in time that such a method would 
bring about. Previous workers on the milk influence 
had found it necessary to wait the lifetime of their 
experimental animals, 6 to 24 months, to determine 
the results of any one experiment. All attempts to 
study the nature of the agent implied either a vast 
outlay of animals and many useless experiments or 
very slow progress, with each step taking a year or 
more. If Taylor’s observations were correct presence 
or absence of the virus-like principle could be demon- 
strated in a few weeks. ee 

As soon as Taylor's work appeared, in January, 
1943 (15), attempts were begun in this laboratory to 
repeat, and confirm, and elaborate on his observations. 
In this attempt we were aided by Dr. Taylor himself, 
who came to our laboratory and kindly demonstrated 
his technic about 2 months after we had begun our 
work. In addition Dr. Taylor and Dr. Roger J. 
Williams were most co-operative in showing us all 
phases of their experiment during a visit to their 
iaboratory in Austin, Texas, in April, 1944, in giving 
us their mouse stock and a transplant of their 


. ¥ 





mammary tumor, in offering suggestions and criticisms 
of our experimenis, and in giving us some of their 
dried yolk that had caused tumor formation in the 
Texas laboratories. We wish to thank them sincerely 
for their help. 

Experimental findings—Our first attempts were 
aimed at growing every available tunfor in the labora- 
tory in fertile eggs by the methods described by Taylor, 
Thacker, and Pennington (17), by #hich they said 


ee 
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one might expect to obtain 100 per cent takes. Fertile 
white leghorn eggs were obtained from a dealer who 
supplied also one of the large pharmaceutical com- 
panies with eggs for virus production. They were 
incubated tor 5 days at 38.5° C., candled to remove 
all nontertile ones, then inoculated with 0.5 cc. of a 
sterile tumor emulsion through a small drill hole in 
the large end. The inoculated eggs were incubated 
for 12 days and then opened. 

The tumors used were the well known mouse 
sarcoma 180; a transplantable liver tumor (LHI) 
originally produced by Dr. J. C. Turner, of the 
Department of Medicine, College of Physicians and 
Surgeons, Columbia University (19) with orthoamino. 
azotoluene and since propagated in this Department; 


TABLE | 


No. eggs No. in which 

Tumor used tumor grew 
R39 243 78 
2426 17 () 
180 12 0) 
RC 879 204 
755 405 98 
Human 10 0 
LHI 18 9) 


4 human breast cancers immediately atter removal by 
the Surgical Service at the Presbyterian Hospital; a 


transplantable mouse mammary cancer, 755, that . 


grows best in the C57 black strain, obtained from 
Dr. Halsey J. Bagg (2); a rat mammary cancer, R2426, 
obtained and described by Dr. Milton J. Eisen (4); 
rat sarcoma R39, a rapidly growing sarcoma propagated 
for years in this Department; and, finally, the 
Mammary carcinoma that originated and will grow 
best in Dr. Taylor’s strain of dba mice, known by 
him as RC. 

The results ot inoculations are shown in 
Table I. At first all the inoculated eggs were either 
dead on opening or.contained no tumor. Finally one 
egg was obtained with a large mass of R39 in it, and 
shortly thereafter we began to get consistent takes 
with RC, and occasionally a very small tumor nodule 
was found in eggs inoculated with 755. 

keg mortality—Certain striking differences weré 
encountered in our work as compared with those“re- 
ported from Texas. First, and most trying from the 
experimenters point of view, was the high mertality 
encountered in the inoculated eggs. Sometimes‘’a 
whole batch of 36 eggs would be tound dead-by the 
[7th day. Occasionally the mortality was low, but 
often when a large proportion of the eggs were alive 
they contained no tumor nodules. In contrast to the 
statement of the Texas investigators that “the mor- 
tality rate is little more than of untreated eggs,” ours 
was 73 per cent. 


these 


This death of eggs was not due to bacterial infection, 
since repeated aerobic and anaerobic cultures from 
dead eggs were sterile. The possibility that it might 
be caused by a virus was tested by inoculating stock 
mice intranasally, intracerebrally, and intraperitoneally 
with yolk trom dead eggs and with tumor emulsion: 
the animals survived. Tumor emulsion was inoculated 
into the brains of baby chicks; they showed no 
evidence of illness. 

It was thought that turning the eggs daily, as is 
the practice in incubating eggs, might have some 
deleterious effect; they were left unturned, yet died 
with the same frequency. Greater humidity was 
used in the incubator; it did not help. | 

The egg dealer was consulted, but he maintained 
that the eggs were the best that could be produced and 
were the same as those giving complete satisfaction to 
the pharmaceutical company, a statement confirmed 
by them. 

It was noted that the lowest mortality rate, 62.2 
per cent, occurred in.eggsineculated with mouse 
mammary carcinoma 755...The-tumor of the Texas 
investigators showed a 72.52per cent,egg mortality, 
while rat sarcoma 39 almost ifWartably killed the 
egys if they were ‘incubated the’ fafh,17 days. By 
opening the eggs a day-or so early viable tumor tissue 
could be found around the edg¢@s¥ot the embryonic 
membranes in. still living-eggs. | 

It wag: thought that~-it would be of interest and 
importance to obtain a chick in“Wwhich a mouse tumor 
was grewing. Consequently a fatrly large number of 
eggs thought to containé:yolk sac RC tumors were 
allowed to. remain in the’ incubator to hatch. All 
died befere*such hatching took: place. 

[n the-end we were foreéed to conclude that there 
wassomething about the ‘tumor tissue per se that was 
toxte-.to.>chick embryos, that this factor was most 
nouceable with R39 and feast: with mammary carci- 
nonia. 755, and that egg. moftality could not be 
materially lessened by any method: we could devise 
and. therefore must be accepted,-and enough eggs and 
patience used to obtain the réquiaed. material for the 
rest of the experiment. he 

The reason only. these three ‘varieties of tumor 
grew_in fertile eggs was thought to be that they were 
the fastestigrowing varieties tried. An attempt to use 
duck eggs,’ which havea longer incubation period and 
hence could be incubated longer before opening, was 
made with human cancer but no tumor was seen when 
these were opened. ip 

Tumor production.—Not only was the mortality ot 


-“the inoculated eggs higher in our laboratory than it 


was reported to be in the Texas laboratories but the 
tumors we obtained were in general much smaller. 
The largest sarcoma R39 was about the size of a cherry. 
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On the average the yolk tumors from RC inoculations 
were about 1 cm. in diameter. Occasional tumors 
were obtained twice that size, but these were rare. 
The nodules seen with mammary carcinoma 755 were 
seldom more than a tew mm. in diameter. 

All tumor nodules were found to be attached 


regularly at the yolk sac umbilicus (Fig. 1), an 





Fic. 1.—Yolk sac opened and spread out to show nodules 
of mouse mammary carcinoma growing in and on it at the 
volk sac umbilicus. 


observation subsequently published by the Texas group 
(11). In the case of rat sarcoma R39, where the eggs 
were frequently opened early, tumor nodules were 
found in the edge of the advancing yolk sac mem- 
branes. It seemed as though tumor cells had fallen 
upon the yolk sac and then had been picked up and 
swept along as the membranes grew down around 
this structure. 

When yolk was taken trom eggs bearing mammary 
tumors and injected into untreated mice, tumors 
appeared in 2 to 4 weeks in approximately half the 
experiments. If the yolk was diluted 1:1 with normal 
saline solution and injected, the same thing proved to 
be true; about half the experimental animals so treated 
developed typical mammary tumors. The tumors so 
produced were indistinguishable microscopically from 
those produced by direct inoculation of fragments of 
tumor. 


Yolks in which rat sarcoma R39 was growing did 
not produce tumors on inoculation in 10 different ex- 
periments, save in | instance; in this case diluted yolk 
was centrifuged at low speed and 6 animals were 
injected with the sediment, of which | developed a 
typical sarcoma R39. 

Rats of different ages were used for inoculation 
with yolk, with the thought that some phenomenon 
of immunity might be involved that prevented the 
tumor from growing when adult or old rats were 
employed. However, inoculation of yolk from an 
egg in which R39 was actively growing into suckling 
rats, still blind and hairless and thus less than a week 
old, failed to produce any tumors, nor were the rats 
rendered immune to subsequent takes from implanted 
sarcoma. There was no evidence that any agent was 
present in the yolk that affected the inoculated rats 
In any way. 

Attempts to produce tumors with filtered yolk.— 
The crucial observation in Taylor’s original communi- 
cations was that he could produce malignant mouse 
tumors with diluted yolk that had been passed 
through a Berkefeld “N” filter. Rat tumors had been 
grown successfully in fertile eggs many years ago by 
Murphy (13), so that the survival of cancer cells in 
tertile eggs for 12 days was known to be a possibility. 
Tumors produced with the yolks of eggs injected with 
tumor emulsion might easily be due to viable tumor 
cells, but filtration, if carefully done, would surely 
rule out any such possibility. 

In Taylor's experiments the yolk of tumor-bearing 
eggs was diluted with an equal amount of saline, 
centrifuged at low speed, and the supernatant fluid 
passed through a Berketeld candle. 

When this procedure was attempted in our labora- 
tory we found that the diluted yolk promptly plugged 
the pores of both “N” and “V” filters to such an 
extent that no liquid would come through. In some 
cases a few drops of liquid were obtained just after 
the yolk had been poured over the filter, and this 
was tested for activity with negative results. The 
same was true of yolk filtered through a Seitz filter. 

After a visit to the Texas laboratories a technic 
was followed that was more successful; namely, instead 
of attempting to force the diluted yolk with water 
suction through a dry filter, the porcelain candle was 
first thoroughly saturated with water. The diluted 
yolk was added and drawn through by the gentlest 
possible suction with a hand pump. Though the 
candle clogged quickly, several cc. of yolk usually 
had come through before filtration ceased, and with 
patience and the use of a number of candles a quantity 
of filtered yolk could be obtained. 

Yolk bearing the sarcoma R39 was filtered once 
through a Berkefeld “N” filter, once through a “V,” 
i 
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and twice through Seitz filters. Thirteen animals 
were injected with 0.5 cc. of the filtrate on each side; 
no tumors resulted. This was hardly surprising since, 
as noted above, the unfiltered yolk failed to produce 
tumors in the case of this sarcoma. 

Yolk ot eggs in which mammary carcinoma 755 
was growing was filtered through a Berkefeld “N” on 
3 occasions and through a “V” hiter 6 different times. 
Nineteen animals in all were inoculated with 0.5 cc. on 
each side. No tumors resulted. 

Eggs bearing the Texas mammary carcinoma RC 
were similarly treated. Six different yolk mixtures 
filtered with an “N” filter inoculated into 17 animals, 
and 7 yolk mixtures filtered with a “V” filter inocu- 
lated into 14 animals were all unsuccessful. 

It occurred to us that perhaps the production of 
tumors with such a filtrate of yolk was not related to 
the growth of the tumor in it, but was a chemical 
property of egg yolk that might free a possible tumor 
virus from some sort of inhibiting material. To test 
this idea fresh tumor emulsion was mixed with egg 
yolk, then diluted and filtered, and the filtrate in- 
jected into susceptible animals. Such filtrates pro- 
duced no tumors either in the case of the rat sarcoma 
or in that of mammary carcinoma 755. 

Attempts to produce tumors with dried yolk.—In 
a summarizing article (18) Taylor said that he had 
produced tumors in mice by injecting resuspensions 
of yolk in which tumors had grown and which had 
then been dried thoroughly over phosphorus pentoxide 
in a desiccator. Certainly an agent that would resist 
drying and subsequently produce mammary cancer 
would differ materially from the delicate, viable cells 
usually associated with cancer transplantation. 

Attempts were made at once to obtain tumors with 
such dried yolk. Eggs in which tumors were growing 
were opened on the 12th day following inoculation 
and the yolk was poured into a thick-walled flask or 
vial and frozen on its walls immediately by rotation 
in a bath of 95 per cent ethyl alcohol and dry ice. 
When the material formed a solid layer, usually cold 
enough to retract slightly from the wall of the flask, 
it was completely dehydrated by attachment to a 
lyophilizing apparatus (a Megavac pump with suitable 
dry-ice-cooled condenser) for 24 hours. Yolks so 
prepared could be pulverized rather easily. They 
dissolved readily in distilled water to make suspensions 
that looked more or less like the original yolk. In 
some cases they were resuspended and immediately 
injected; in others the suspension was incubated for 
an hour at 37° C. before injection, as recommended 
by Taylor. 

Two separate lots of yolk in which sarcoma R39 was 
growing were dried, resuspended, and injected into 
5 rats. No tumors appeared. Eleven lots of yolk from 


eggs growing mouse mammary carcinoma 755 were 
similarly treated and injected into 29 mice, without 
cancer production. Twenty-two samples of yolk from 
eggs growing mammary carcinoma RC were dried and 
tested on 60 mice without producing a cancer. The 
tumor tissue growing in the egg was also tested by 
drying it in a lyophilizing apparatus and inoculating 
small fragments subcutaneously on both sides. This 
was done on 2 different occasions with mammary 
carcinoma 755 in 3 experimental animals, and with 
6 different RC tumors in 15 animals. No takes oc- 
curred. The bloody fluid from eggs growing RC 
tumors was dried and tested also without success. 

Because in centrifuged yolk the top fatty layer was 
tumor-producing (see below), and because fresh 
ovolecithin had been found by Schade to preserve 
bacteriophage during lyophilization (14), it was 
thought that the addition of ovolecithin to tumor yolks 
might help to preserve tumor-producing activity. 
Consequently a quantity of ovolecithin was freshly 
prepared from unfertilized eggs and added to yolk 
from tumor eggs before they were frozen. This was 
tried once with yolk in which tumor 755 had been 
growing and 5 times with RC tumor yolk, but no 
growths were obtained. 

As mentioned earlier in this paper a visit was paid 
to Dr. Taylor’s laboratory in April, 1944, to see his 
technic at first hand. During the visit 20 animals 
that he had injected with a suspension of dried egg 
yolk and tumor (dried on November 30, 1943) were 
found to have growing cancers. At once a request 
was made for some of this material, and Dr. Taylor 
generously gave us half of his remaining supply. 
It was carried back to New York, resuspended 
according to Dr. Taylor’s directions, and injected into 
6 mice. No mammary cancer appeared, and repetition 
of the experiment on 3 mice was again unsuccessful. 

A subsequent publication (16) reveals this ex- 
perience to have been shared later by Dr. Taylor, for 
15 attempts to repeat the original observations were 
negative. 

Thinking that our failure to grow tumors with 
this material must be related to some sort of resistance 
in our mice, we treated 2 lots of mice with 300 r of 
total body irradiation (5), generated at 185 kv., before 
inoculating it, but no tumors appeared. 

The work of Greene (6) suggests that tumors that 
are not entirely autonomous may be made to grow by 
estrinization of the host before inoculation. Conse- 
quently 5 mice were injected every 3 days, first with 
100 i. u. of theelin in oil and later with 200 i. u. after 
having been inoculated with Dr. Taylor’s dried yolk 
material. No growths resulted. 

We were forced to conclude, then, that so far as 
our laboratory was concerned the elimination of viable 
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cancer cells by filtration or desiccation eliminated at 
the same time the cancer-producing power of the 
yolk, and that the cancer-producing power of egg yolk 
in which mouse cancer had been grown was probably 
due, therefore, to the presence of viable tumor cells. 

Effect of heat and cold.—I\t was hoped that if the 
assumed yolk tumor agent was a virus it might be 
relatively heat stable, and separable from viable tumor 
cells by this means. A few experiments were carried 
out to determine the effects of heat and cold on the 
ability of yolk to induce tumors. 

In 2 experiments with eggs in which tumor 755 
was growing, tumors were produced by injecting 
yolk that had been stored 19 hours in the icebox; 
with RC tumor eggs, mammary cancer grew promptly 
in 3 mice injected with yolk kept for 24 hours in the 
icebox. 

On the other hand, warming in a water bath at 
48° to 50° C. for 30 minutes was lethal to the tumor 
agent in all 4 experiments in which it was tried. 

The activity ot yolk was tound to be retained at 
room temperature for as long as an hour; longer 
periods were not investigated. It was demonstrated in 
1 experiment that simple treezing in CO, snow and 
alcohol, followed by immediate thawing, destroyed 
tumor activity. 

Loss of activity at 48° to 50°, its preservation at 
room temperature and tor at least 24 hours at icebox 
temperature, and its loss after freezing and thawing 
are properties usually associated with tumor cells (20). 
While they do not rule out the possibility that the 
assumed tumor agent in yolk may be a virus, they also 
do not supply any method of separating this agent 
from living cells. 

Effect of sex.—It the production of mammary cancer 
by egg yolk is mediated by a noncellular agent, it 
would seem that this agent must work upon mammary 
tissue already present, turning normal ducts or acini 
into cancerous ones. It is inconceivable that a virus 
could produce a complicated epithelial structure like 
a cancer out of unrelated mesodermal cells such as 
connective tissue, or fat, or blood vessels. 

Consequently if we are dealing with a virus it 
should be effective in female animals and not so 
effective in males, where the mammary tissues are 
reduced to a few rudimentary ducts. On the other 
hand, if cells produce the tumors, these will grow 
equally well in animals of either sex, since routine 
transplants take equally well in males or temales. For 
instance, during the course of the present experiments 
grafts from the RC tumor have been implanted 265 
times in male dba mice and have grown progressively 
in all but 4 of them. 

Untreated yolk from eggs bearing tumors has 
produced mammary cancer in 11 of 18 male mice 


injected with it. Centrifugation in the icebox failed 
to rid the yolk of its cancer-producing qualities after 
35 minutes, for 2 of 3 male mice injected with it grew 
tumors. A male mouse injected with the centrifuged 
sediment from the bloody amniotic fluid of a tumor 
egg grew a cancer. When tumor yolk was diluted 
with saline and centrifuged, male mice were found 
just as susceptible as female mice to the fatty layer 
that floats on top (8 tumors in 9 male mice injected), 
or to the sediment (11 tumors in 11 male mice). 

In short, every experimental material that was 
found capable ot producing mammary cancer in 
female mice did so also in males, and with equal 
readiness. Since there are a few rudiments of mam- 
mary tissue in male mice these observations do not 
rule out completely the possibility of a virus, but they 
do strongly suggest that we are dealing with tumor 
cells and not with a noncellular agent. 

Separation of tumor-producing activity by centrifu- 
gation.—A favorite method for studying viruses is 
differential centrifugation, a method that allows 
accurate estimate of the size of the particles involved. 
A Svedberg ultracentrifuge was available on occasion, 
but very little work could be carried out with it 
since it is shared by many other departments and is 
theretore in constant use. A few preliminary runs 
showed that the upper portion of tumor yolk still pro- 
duced tumors after 15 minutes, centrifugation in the 
icebox in a small angle centrifuge run at 2,600 r.p.m. 
When this material was placed in the ultracentrifuge 
tor an hour (maximum speed of centrifuge at one- 
half hour=550 revolutions per second) activity was 
found in the pellet. 

Undiluted egg yolk trom 17 day eggs is a rather 
viscid material, so that some doubt arose whether even 
an hour's run in a low-speed centrifuge would be 
sufficient to throw down particles as large as living 
cells. Since dilution with an equal volume of normal 
saline or phosphate buffer did not eliminate tumor 
activity, it was decided to decrease the viscosity of the 
yolk by such dilution, centrifuge at low speeds, and 
see if tumor activity could be followed into one or 
another resulting layer, and whether it could be 
correlated with their cell content. Parenthetically we 
may say that attempts to find cancer cells by ordinary 
histological methods in untreated egg yolk had been 
entirely unsuccessful. The yolk is composed of in- 
numerable viscid, opaque granules of varying size. 
Occasionally blue-staining bodies were seen _ that 
might well have been cell nuclei, but their nature 
could only be guessed at. Certainly nothing resembling 
clumps of tumor cells was seen in the many sections 
examined. 

When egg yolk is diluted 1:1 with saline and 


centrifuged for 5 minutes in the usual laboratory 
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centrifuge (International Centrifuge, Type S.B.) at 
600 r.p.m., it separates into a number of distinct 
‘ayers. On the surface will be found a fairly thick 
pellicle of yellow, fatty, cream-like material. This 
will hold together fairly well, and can be skimmed 
off as cream is skimmed off milk set in a pan overnight; 
or it can be removed by sucking it away with a 
syringe fitted with a No. 16 needle. Beneath this 
fatty layer most of the diluted yolk will be found as a 
pale yellow, watery fluid. At the bottom of the tube 
will be seen a solid sediment made up of 3 layers, the 
bottom one greenish in color, the middle and thickest 
layer bright red, and the top layer yellow to pink. 
The middle watery material can be poured off this 
multilayered sediment with a little care without 
disturbing it. 

This procedure of diluting yolk from tumor-bearing 
eggs, centrifuging for 5 minutes, and testing the 
resulting layers for tumor-producing activity was 
carried out with various modifications 20 different 
times with 20 different batches of yolk. Tumor- 
producing activity was found almost universally in 
the sediment (in 41 of 43 animals inoculated) and 
the fatty layer (24 of 26). The watery diluted yolk 
between these layers was practically devoid of activity. 
Of 24 animals injected with it only 3 gave positive 
results in 2 experiments. In each case the tumor 
appeared long after those resulting from injection of 
the sediment or the fatty layer. 

When these layers were fixed in formalin and 
sectioned the appearance was that seen in Figs. 2, 3, 
and 4. The fatty layer (Fig. 2) was frequently found 
to contain fragments of yolk membrane, the cells of 
which on the inner side are universally distended with 
large globules of fat. Obviously no amount of centri- 
fuging would throw down cells that were caught and 
buoyed up by such “life preservers.” 

The sediment at the bottom of the tube contained 
large and small granules interspersed with nucleated 
chick red blood cells (Fig. 3). No single or 
clumped tumor cells could be made out (save in one 
instance, Fig. 5), but it is obvious that if single tumor 
cells were present one would expect them to accompany 
the erythrocytes. 

The watery middle layer was centrifuged for 5 
minutes more, a procedure that threw down a white, 
finely granular sediment. When this was fixed, 
sectioned, and stained no tumor or red blood cells 
were seen in it (Fig. 4). 

An attempt was made to separate the 3 layers of 
sediment, yellow-pink, red, and green, and test each 
for tumor-producing activity, but this was not very 
helpful since all layers produced tumors. Sections of 
the green layer (bottom-most layer) in one instance 
showed a clump of what looked like tumor cells 


(Fig. 5). 


Association of activity with red blood cells—The 
association of tumor-producing activity of egg yolk 
with the chick’s red cells in the centrifuge suggested 
the possibility that a virus-like tumor-producing 
substance might be adsorbed onto these in the same 
way that influenza virus may attach itself to red cells 
(9). This hypothesis was tested by comparing the 
tumor-producing ability of the bloody chorioallantoic 
fluid with the blood-filled layer of yolk sediment. 
It the tumor-producing activity were associated with 
red cells the sediment from the blood-stained fluid, 
which looked like concentrated red blood cells, should 
have been more effective in producing mammary 
carcinoma than the yolk sediment, which was only 
partially made up of chick erythrocytes. The reverse 
was tound to be the case. Of 11 experiments, 1 showed 
no activity either in bloody fluid or yolk sediment, 
10 showed activity in the sediment (19 out of 21 
animals), while only 6 showed activity in the sedi- 
ment of the bloody amniotic fluid (8 out of 21 
animals). The sediment of the bloody amniotic fluid, 
obviously richer in red blood cells, was poorer than 
the yolk sediment in cancer-producing activity. 

If distilled water were added to the red blood cells 
hemolysis took place and tumor activity disappeared, 
presumably because both red cells and tumor cells were 
damaged by osmotic changes. In one experiment 
where the sediment from centrifuged tumor-bearing 
yolk was diluted with distilled water, tumor activity 
remained after hemolysis but was found in the 
sediment; 7.e., was either cellular or attached to the 
heavier cells or cell fragments. Breaking up the red 
cells by hemolysis, then, did not release a tumor- 
producing agent from them but destroyed it, again 
suggesting that the agent was really viable tumor cells. 

If a tumor emulsion is filtered through ordinary 
filter paper (such as E. & A. No. 9-795) enough 
viable tumor cells will go through so that cancer can 
be produced by injecting the filtrate. However, this 
process undoubtedly removes all the large tumor 
fragments and presumably greatly reduces the number 
of viable tumor cells in the emulsion. It seemed likely 
that if we were really dealing with clumps of tumor 
cells in the egg yolk sediment and bloody amniotic 
fluid, filtration through ordinary filter paper ought to 
remove most of these and so greatly reduce the 
effectiveness of these materials in producing cancer on 
injection. 

Eight experiments were done. In 7 the resuspended 
sediment from centrifuged diluted yolk was tested 
for tumor-producing activity before and after filtra- 
tion through filter paper. In 6 instances this procedure 
removed the tumor-producing activity completely. In 
1 case a tumor was produced with 0.5 cc. of filtrate 
injected into each side of the test animal. 

In all 8 experiments bloody amniotic fluid obtained 
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‘rom the same eggs from which the yolk came was 
iested for tumor-producing activity betore and after 
ultration. Five of the 8 proved to have such activity 
before filtration; none of the 8 after filtration. The 
Hiltrate was bloody on gross examination; therefore the 
red celis could not have been the tumor-producing 
agent. Oxidation, or the effect of exposure to room 
temperature, hardly accounts for the results since the 
unfiltered fluid for inoculation came from above the 
filter paper at the same time the filtered fluid was 
taken trom below and, both were injected within a 
few minutes of each other. 

Rather do we think that we are dealing here with 
comparatively large clumps of tumor cells, probably 
not very numerous, almost impossible to find under 
the microscope, but readily removed by filtration with 
ordinary filter paper. 

Tumor cells in the liver —That tumor cells singly or 
in clumps may be found in the chick’s blood stream 
is suggested by the following observations. Implanta- 
tion into a susceptible mouse of liver from a chick 
embryo bearing a yolk sac RC tumor may be followed 
by the appearance of a typical RC mammary carci- 
noma, an observation originally described to us by 
Dr. Taylor and subsequently repeated in this labora- 
tory. When the livers of chicks with yolk sac tumors 
are examined a peculiar condition is found; severe 
damage to the organ is evidenced in many by 
macroscopic white areas, particularly at the margins. 
Microscopic section of such areas shows widespread 
necrosis. If one searches for less damaged areas ot 
liver cells, one is apt to come upon areas of blue- 
staining cells lining the sinusoids and contrasting 
sharply with the pink-staining liver cells (Fig. 6). 
They are rather uniform in size and shape, have large 
nucleoli, and show many mitotic figures (12). 

Their nature is not certain. We have studied many 
sections in which this lesion ranged all the way from 
a lining only a cell or two deep about a sinusoid, to 
large masses of cells just beneath the capsule, which 
in their arrangement, almost suggested adenocarci- 
noma. It is our impression that these cells are cancer 
cells growing in a nonreacting host without stroma, 
and that their presence accounts for tumor production 
after liver implantation and possibly for much of the 
mortality of tumor-inoculated eggs. 


Tumor activity in the fatty layer—Ot 26 mice in- 
jected with the fatty layer removed from the top of 
diluted centrifuged yolk, 24 developed typical mam- 
mary adenocarcincmas. This material certainly con- 
tained cells (Fig. 2), and may have contained tumor 
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Fic. 6.—Embryo chick liver trom egg bearing a yolk sac 
tumor. Masses of blue-staining cells, many in mitosis, surround 
a sinusoid. Careful observation suggests that these are mouse 
mammary tumor cells. 


cells. It would be impossible to remove the cells by 
filtration of this creamy layer, for it would immediately 
occlude the pores of the filter. 

Extracting the fatty layer with ether, then evaporat- 
ing gently and taking the resulting oily material up in 
sesame oil for injection into test animals, seemed to 
destroy its power to produce mammary cancer, as 
tested in 5 separate experiments on 10 animals. 


DISCUSSION 
Attempts to repeat the observations of Taylor and 
his associates have been made by Heilman and Bittner 


DESCRIPTION OF FIGURES 2 TO 5 


Fic. 2.—Fatty layer produced by low-speed centrifugation of 
diluted tumor yolk. Note how clumps of cells, possibly tumor 
cells, are buoyed up by the surrounding fat-containing vacuoles. 

Fic. 3.—Sediment from low-speed centrifugation of diluted 
tumor yolk. Note numerous nucleated chick red blood cells. 

Fic. 4.—Sediment from liquid layer of diluted tumor yolk. 
Material centrifuged 5 minutes and fatty layer removed. Liquid 


diluted yolk carefully decanted and centrifuged 5 minutes more. 
The photomicrograph is a section of the resulting pellet, and 
represents whatever heavy particles remain in the diluted yolk 
after the first centrifugation. Note that no cells are present. 
Fic. 5.—Clump of cells (possibly tumor cells) found in the 
lower-most layer of sediment depicted in Fig. 3. 
Figs. 2 to 5 approximately Mag. & 250. 
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(8, 7), who confirmed the conclusion that untreated 
yolk trom around tumor nodules growing in the yolk 
sac would produce tumors on injection into suitable 
mice. They made one unsuccessful attempt to filter 
diluted tumor yolk through a Berkefeld filter. On 6 
different occasions simple freezing and _ thawing 
seemed to abolish tumor-producing activity, though 
the authors do not state specifically whether their 
controls gave tumors with the same lots of yolk. 
Treating the yolk with cold ether abolished tumor 
activity. They found no tumors in 2 instances when 
they injected the sediment of centrifuged blood and 
allantoic fluid, a surprising observation in the light of 
our own successful inoculations with such material. 

Bryan, Kahler, and Riley (3) carried out much more 
intensive attempts to repeat Taylor’s work, first testing 
out their procedures on a tumor due to a known 
filtrable virus, Rous chicken sarcoma No. 1. Culti- 
vation of this tumor in yolk sacs, dilution of the yolk 
with an equal amount of 0.9 per cent NaCl, and 
centrifugation at 18,000 x gravity for 5 minutes still 
gave a supernatant fluid that reproduced the tumor in 
concentrations of 1/20,000 of the original tumor. 
Filtration did not abolish this activity. 

Jensen rat sarcoma grown in egg yolks gave yolk 
that produced tumors on injection, but Berkefeld 
filtration abolished this activity. Berkefeld filtrates 
were made of yolk in which nodules of mouse sarcoma 
37 had been grown and with yolk from successful 
cultures of Taylor’s mammary carcinoma, all of which 
were negative. However, these experiments are not 
entirely relevant since the authors had already removed 
the tumor-producing activity by differential centrifu- 
gation. 

They found, as have we, that centrifugation of 
diluted yolk gives sediments that will produce tumors 
on injection, and that tumor-producing activity 1s also 
to be found in the fatty layer above the centrifuged 
material; little or none remained in the liquid between 
these two layers. They used a very high speed 
centrifuge or the ultracentrifuge for most of their 
work. Our observations augment theirs in that we 
have shown that this separation of tumor-producing 
activity may be accomplished easily in a few minutes 
at low speed and that this activity can be correlated 
with the presence of cells, demonstrable under the 
microscope, in the resulting layers. 

That even Taylor and his associates are doubtful of 
their original statements on the filtrability of the 
tumor agent seems plain from their latest series of 
papers on the subject. While still maintaining that 
they have produced 28 malignant tumors with cell- 
free extracts of tumor-bearing eggs, and that the 
“circumstances were such that the action of a specific 
tumor agent was clearly indicated” (16), they say in 


an accompanying paper (10) that the occurrence of 
tumor cells in the yolk of eggs injected by the yolk 
sac technic has been demonstrated by inoculation of 
such yolk into other eggs and the production thereby 
of gross tumors, and by direct observation of such 
cells under the microscope. They conclude that “The 
various steps designed to decrease the possibility of 
cells in the yolk of tumor-bearing eggs have resulted 
in a progressive decrease in the tumor-producing 
capacity of the fresh yolk, until with allantoic tumors 
[tumors grown on the allantois, not in contact with 
the yolk sac] no tumor production by yolk is observed. 
Failure to obtain tumors from the fresh yolk of eggs 
with allantoic tumors indicates that no effective dif- 
tusible virus was present in the yolk. Certain 
theoretical considerations show that if such a virus is 
absent from the yolk of eggs with allantoic tumors, it 
would not be expected in the yolk of eggs with yolk 
sac tumors. 

If one studies the records of the 28 malignant tumors 
produced with cell-free extracts (16) it is found that 
they describe 6 animals, all of which received Berkefeld 
filtrates from the first experiment; 1 temale that de- 
veloped a tumor weighing | gm. 204 days after 
injection of an extract of ground yolk sacs and embryo 
membranes filtered through a “V” and then an “N” 
Berkefeld filter; 1 female mouse developing a tumor 
21 days after injection of mammary carcinoma that 
had been dried for 6 hours over P20; without freezing; 
and 20 females injected in 3 different fashions with an 
extract of yolk, yolk sac, and tumor dried and stored 
tor 113 days. This last material is the same as that 
which we tested and which gave no tumors in our 
hands, a result in accordance with the experience of 
the Texas group, who did 15 subsequent experiments 
with this same material without producing a single 
cancer. Chance positive experiments are apt to creep 
into such work even in the most careful and meticulous 
laboratories. Mice must be fed, their boxes changed, 
and sources of occasional error cannot be entirely 
eliminated. However, conclusions based on a single 
experiment that cannot be repeated are hazardous. It 
is our regretful conclusion that a// rapid production of 
mammalian tumors so tar by the injection of materials 
trom eggs in the yolks of which the tumors have been 
growing has been mediated by the transplantation of 
viable cancer cells. 


SUMMARY 


1. Rat sarcoma R39, Bagg mouse carcinoma 755, and 
the RC mouse carcinoma of Taylor have been grown 
successfully in fertile incubated hen’s eggs. 

2. The mortality of such eggs has been very high, 
73 per cent by the 17th day otf incubation, making 
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‘his method a poor one for the routine growth of 
tumor tissue. 

3. The yolk from eggs bearing the rat sarcoma R39 
did not produce sarcomas when injected into suscep- 
tible rats save in one instance, where the centrifuged 
sediment of such yolk was effective. Injection of such 
yolk did not confer immunity on young rats so treated. 

4. Yolk from eggs bearing either of the two mouse 
mammary carcinomas frequently reproduced the 
tumor when injected into susceptible mice. 

5. Repeated attempts to filter the tumor agent 
through Berkefeld “N” or “V” candles 


unsuccesstul. 


were 


6. Freezing and thawing of yolk or lyophilization 
destroyed tumor-producing activity, as did heating at 
48° to 50° C. for 30 minutes. 

7. The tumor-producing agent was equally effective 
in male or female mice. 

8. If yolk from tumor-bearing eggs was diluted 1:1 
with saline and centrifuged at low speed (2,600 r.p.m. ) 

for 5 minutes tumor activity could be demonstrated 
almost universally in the fatty cream found above the 
centrifuged yolk and in the bloody sediment at the 
bottom, but not in the watery yolk between. The 
tumor-producing layers contained cells easily demon- 
strable under the microscope. 

9. Tumor-producing activity was not closely cor- 
related with red blood cell content nor could it be 
released by hemolysis from sediments containing red 
cells. 

10. Most of the tumor-producing activity could be 
removed by simple filtration through filter paper. 

11. Tumor-producing activity of the fatty layer was 
destroyed by extraction with ether. 

12. In our opinion, the tumor-producing capacity 
of egg yolk from yolk sacs in which mammalian 
tumors have been grown is due to the presence in it 
of viable tumor cells. No convincing evidence of the 
presence of a virus or filterable agent has been en- 
countered in our experiments. 
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Abstracts 


Reports of Research 


Production de sarcomes chez la souris par in- 
jections d’un extrait obtenu a partir de foies de 
malades cancéreux. [Production of Sarcomas in 
the Mouse by Injections of an Extract from the 
Liver of Cancer Patients.] Sannif, C., Trunaur, R., 
and Guérin, P. [Cancer Inst., Paris, France|] Bull. 
frang. p. l'étude du cancer, 29:106-121. 1940-1941. 

Human desiccated liver was extracted with benzol, the 
extract was saponified, and the unsaponifiable fraction 
dissolved in olive oil. Extracts were taken: (1) from 
2 patients with buccal and vaginal epithelioma_respec- 
tively, and no liver metastases, and (2) from patients 
dead of other (unspecified) causes. Twenty-five mice re- 
ceived extract (1), 25 mice received extract (2), and 25 
controls received olive oil; the dosage was 0.3 cc. per 
week for 2 months. Among the mice receiving extract 
(1), 6 developed subcutaneous sarcomas, and 6 others had 
tumors in one or more of the following sites: mammary 
gland, lung, fallopian tube, pancreas, liver. Only 1 mouse 
had pulmonary adenomas. Three neoplastic livers but no 
subcutaneous sarcomas occurred in the mice receiving ex- 
tract (2), and an inflammatory lesion in | liver was found 
in the control group. The subcutaneous sarcomas ap- 
peared only after 12 to 20 months; hence their incidence 
should be considered on the basis of the number of ani- 
mals in each group surviving more than 1 year, z.e. 20, 
20, and 15 respectively, rather than on the basis of the 
number of animals at the beginning of the experiment. 
Twelve subcutaneous cysts developed after injection of 
extract (1) and 5 after extract (2).—G. H. H. 


Assoc. 


Cancer expérimental de l’estomac; son rapport 
avec le genése du cancer de l’estomac humain. 
[Experimental Cancer of the Stomach; Its Rela- 
tion to the Genesis of Human Stomach Cancer. |] 
WaTERMAN, N. [A. Van Leeuwenhoek-Huis Lab., Amsterdam, 
Netherlands] Bull. Assoc. frang. p. l'étude du cancer, 29:70-76. 
1940. 

The author states that, contrary to the opinion of some 
investigators, it is possible to produce spinocellular can- 
cer and adenocarcinoma of the stomach of mice by feed- 
ing carcinogens, chiefly 0.4% benzpyrene in lard, pro- 
viding the feeding period is sufficiently prolonged (though 
in susceptible animals cancer has been induced in as 
short a time as 5 months) and providing the substance 
is really ingested. Photomicrographs of the cancers 1n- 
duced are presented without protocols of the experiments. 

Recent experiments have confirmed the statement made 
by the author in 1937 that fats heated to 200° C. or 
higher, when fed for a long time, exert a carcinogenic 
action on the stomach: the effects proceed from a simple 
gastritis to papilloma, adenoma, and carcinoma of the 





stomach and 


even to tumors of the liver. One agent 
responsible for this action of heated fats is apparently 
a-cholesterylene (3,5-cholestadiene), formed from choles. 
terol ethers. Pure crystalline a-cholesterylene, obtained 
from the sterols of heated fats and dissolved in coconut 
oil, gave “probably” positive results in preliminary trials 
of carcinogenesis. 

A polarographic method is described for detecting car- 
cinogenic agents in foodstuffs.—G. H. H. 


Tumeurs de la rate provoquées par le 3-4 Benzo- 
pyréne chez le : [Tumors of the Spleen Induced 
by 3,4-Benzpyrene in the Rat.] Roussy, G., Guérin, M., 
and Guerin, P. [Cancer Inst., Paris, France] Bull. Assoc. france. 
p. l'étude du cancer, 29:252-259. 1940-1941. 

Tumors of the spleen developed in 4 of 10 adult 
female white rats within 1 to 24% years after the intra- 
splenic implantation of a small amount of melted benz- 
pyrene. The tumors included a leiomyosarcoma, a spindle- 
cell sarcoma, and 2 reticulosarcomas. In 2 instances there 
were metastases. The histology of these tumors is de- 
scribed in detail, with photomicrographs. The animals 
did not develop leukemia or lymphosarcoma.—G. H. H. 


Note on the Occurrence of Hepatomas in Rats 
Following the Ingestion of 1,2-Benzanthracene. 
Wuire, F. R., and EscHENBRENNER, A. B. [| Nat. Cancer Inst., 
Bethesda, Md.] J. Nat. Cancer Inst., 6:19-21. 1945. 

Although previous investigators have found that 1,2- 
benzanthracene possesses negligible carcinogenic potency, 
the present authors noted the occurrence of 2 hepato- 
mas in 6 rats of the Osborne and Mendel strain that 
were fed this compound. It is suggested the hydrocarbon 
may be an effective carcinogen when incorporated in the 


diet.—R. A. H. 


Observations on Experimentally Produced Sar- 
comas of Pigeons. Murpny, J. B., and Srurm, E. [Rocke- 
feller Inst., New York, N. Y.] Cancer Research, 6:11-13. 1946. 

A single injection of 1,2,5,6-dibenzanthracene in benzol 
induced sarcomas in 2 of 8 American Domestic Flight 
pigeons and gave no response in 2 Homing pigeons. Re- 
peated injections of the chemical in lard failed to-induce 
a single tumor among 40 of the latter breed of birds. 
The 2 induced tumors in the Flight pigeons arose between 
the seventh and eighth month after injection and grew 
progressively till they caused death. Both proved to be 
transplantable to pigeons of the same breed, and in later 
generations have increased in growth rate and have 
shown frequent widespread metastases. Repeated attempts 
to transmit these sarcomas by filtrates and desiccates have 
uniformly given negative results—Authors’ abstract. 


Microfilm copies of such papers here abstracted as are available may be obtained from Medicofilm Service of the Army Medical 
Library at 25¢ for each complete article, not exceeding 25 pages in length—and 10¢ for each additional 10 pages or fraction thereof. 
Prepayment is not requested. Remittance may be made with subsequent orders and in such manner as found most convenient. 
Address—Medicofilm Service, Army Medical Library, Washington, D. C. 
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Estimation of 2-Aminofluorene and Related Com- 
vounds in Biological Material. Wesrrat, B. B. [ Nat. 
‘ancer Inst., Bethesda, Md.] /. Nat. Cancer Inst., 6:23-29. 
045, 

Because of the importance of N-acetyl-2-aminofluorene 
as an ingested carcinogen in rodents, its fate and_ be- 
havior in the animal body is of interest. It is not yet 
known whether this acetyl derivative or 2-aminofluorene 
itself is the compound on which carcinogenicity depends, 
or whether both compounds are converted im vivo to 
some other active substance. To aid in the study of these 
questions, a colorimetric method has been devised for 
the determination of 2-aminofluorene and related com- 
pounds, based upon diazotization of the amino group in 
an acid medium, followed by coupling with sodium 2- 
naphthol-3,6-disulfonate in strongly alkaline solution. 
Acetyl derivatives can be estimated by hydrolysis, and 
2-nitrofluorene by reduction, before the diazotization. 
Application of these methods to biological material is 
illustrated, and some of the implications of the results 


are discussed.—R. A. H. 


A Diurnal Variation in the Production of Tu- 
mours. Morrram, J. C. [Mt. Vernon Hosp., and Radium 
Inst., London, England| /. Path. & Bact., 57:265-267. 1945. 

Twenty-four mice received a single painting of benz- 
pyrene on the right and left flank. In one half of the 
mice the right flank was painted at midnight and the 
left flank at midday; in the other half this condition was 
reversed. After 20 weeks there were 47 tumors on the 
“midnight” flanks and 31 tumors on the “midday” 
flanks. Two similar experiments were confirmatory. The 
difference shows that benzpyrene takes effect quickly; it 
is attributed to the greater number of mitoses that take 
place at night.—E. L. K. 


Effects of Ultraviolet Radiation on 3,4-Benz- 
pyrene and Other Polycyclic Aromatic Hydrocar- 
bons. I. Absorption Spectra and Some Chemical 
Properties of the Water-Soluble Products. A tsopp, 
C. B., and Szicet1, B. II. The Role of Benzene in the 
Photoreactions in Solutions Containing Benzene. 
Atisopp, C. B., and Sziceri, B. III. Carcinogenic Ac- 
tivity of Aqueous Extracts from Irradiated 3,4- 
Benzpyrene. Autsopp, C. B. |Univ. Dept. of Colloid Sc., 
and Strangeways Research Lab., Cambridge, and Research Dept. 
of Adam Hilger, Ltd., London, England | 
6:14-21; 22-23; 24-28. 1946. 

When the dried-out products of photochemical oxida- 
tion of a number of polycyclic aromatic hydrocarbons, 
carcinogenic and 
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extracted with 
water, the solutions obtained give rise to absorption spectra 
that contain 2 very prominent bands. These occur at the 
same wave lengths for all the hydrocarbons examined, 
but their relative intensities vary. They are shown to be 
due to 2 separate compounds. One of these is labile, the 
other stable. The stable compound, however, reacts readily 
with substances containing —SH groups; ¢.g., glutathione. 
When the aqueous solutions obtained after irradiation of 
3,4-benzpyrene are painted on the skin of mice, tumors 
result, chiefly squamous cell carcinomas. Control experi- 
ments have excluded the possibility that these are due to 
3,4-benzpyrene itself in any way. It seems probable that 
they are caused by the labile, water-soluble photoproduct. 


noncarcinogenic, are 


Neither of the 2 compounds has yet been identified chemi- 
cally: their absorption spectra are not the same as those 
recorded for known oxidation products of benzpyrene 
and similar compounds.—Authors’ abstract. 


Implications from Studies with Physical Car- 
cinogens. Hensnaw, P. S. [Nat. Cancer Inst., Bethesda, 
Md.| /. Nat. Cancer Inst., 5:419-436. 1945. 

A review is presented of clinical and experimental 
evidence for the production of malignant disease by physi- 
cal agents. Mechanical irritation, heat, sun and_ ultra- 
violet light, and ionizing radiation receive particular con- 
sideration. The processes of embryonic differentiation 
and carcinogenesis are compared, and the concept that 
cancer is a form of differentiation is emphasized. The 
author suggests that, “Cancer may be regarded as a form 
of accessory or tangential differentiation,” and “In this 
light, carcinogenesis is considered to be an expression of 
residual cell potencies elicited by a variety of cell changes 
either occurring spontaneously or induced by stimuli 
from external sources.” A bibliography of 86 references 
is given.—R. A. H. 


Syphilis et Cancer. [Syphilis and Cancer.] 
Caituiau, F. Ball. Assoc. frang. p. Vétude du cancer, 29:197- 
210. 1940-1941. 

A general discussion of the relationship between syphilis 
and cancer. Evidence from the literature indicates that 
the treponema of syphilis does not lead directly to cancer, 
but that cicatrization of special cutaneous and _ visceral 
syphilitic lesions may produce sites susceptible to carcino- 
genesis.—G. H. H. 


Contribution a ]’étude expérimentale du rapport 
syphilis-cancer. [Contribution to the Experimental 
Study of the Relation Between Syphilis and Can- 
cer.] Bessemans, A., and Maisin, J. Ball. Assoc. frane. p. 
l’étude du cancer, 29:275-282. 1940-1941. 

Experimental syphilis in 176 mice, produced by infected 
rabbit tissue, did not influence the appearance of cancer 
induced by painting the skin with benzpyrene or methyl- 
cholanthrene, the effects being substantially the same 
as in 190 control mice. However, the results in mice do 
not discredit the hypothesis that syphilis favors neoplastic 
development in rabbits and in the human subject.— 


G. H. H. 


Desoxyribonucleic Acid in Epidermal Carcino- 
genesis Induced by Methylcholanthrene. Carrutners, 
C., and Sunrzerr, V. [Barnard Free Skin and Cancer Hosp., 
and Washington Univ. Sch. ot Med., St. Louis, Mo.| Cancer 
Research, 6:8-10. 1946. 

The role of desoxyribonucleic acid in epidermal car- 
cinogenesis induced by methylcholanthrene was _ investi- 
gated. The acid was extracted from the tissues by means 
of cold sodium hydroxide, and after precipitation of the 
acid the content of the latter was determined colorimetrt- 
cally by means of the Dische diphenylamine reaction. The 
desoxyribonucleic acid content of methylcholanthrene- 
treated (hyperplastic) epidermis was from 21 to 37% less 
than that of normal and benzene-treated epidermis, and 
the amount of the acid was increased as the hyperplasia 
increased. A transplantable squamous cell carcinoma, origi- 


nally derived from mouse epidermis, contained _ less 
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desoxyribonucleic acid than did normal epidermis, and 
about the same amount as the early hyperplasias—Authors’ 
abstract. 


Desaminases for Ribosenucleic and Desoxyribose- 
nucleic Acids. Greenstein, J. P., and Cuarkiey, H. W. 
| Nat. Cancer Inst., Bethesda, Md.]| J. Nat. Cancer Inst., 6:61-72. 
1945. 

The characteristics of 2 enzymes, desaminating ribose- 
nucleic and desoxyribosenucleic acids respectively, are 
given in some detail. These enzymes are capable of split- 
ting off 2 atoms of ammonia nitrogen per tetranucleotide 
unit of the respective nucleic acid without degrading the 
nucleic acid to smaller units. Extracts of spleen, kidney, 
nodes, brain, and liver of various animals were found to 
be active, while those of muscle were not. Extracts of 
hepatomas were found to be more active than those of 
normal liver, but those of normal and neoplastic lym- 
phoid, intestinal, and pulmonary tissues possessed about 
equal degrees of activity (rats and mice). The two 
enzymes were demonstrated to be distinct on the basis 
of different sensitivities toward fluoride and_ bicarbonate 
as well as on the basis of activity following dialysis, for 
it was found that the presence of one of a number of 
cations or an organic ion such as guanidine or arginine 
was necessary for the activity of the desoxyribosenucleo- 
desaminase but not for the ribosenucleodesaminase. Both 
enzymes were destroyed at 100° C.,and neither attacked the 
purine bases that are breakdown products of the nucleic 
acids. Implications of the presence of the two types of 
desaminases for nucleic acid are discussed.—R. A. H. 


Catheptic Activities of Neoplasms and of the Tis- 
sues of Normal and Tumor-Bearing Mice Cor- 
related with Histologic Changes. Maver, M. E., and 
Dunn, T. B. [Nat. Cancer Inst., Bethesda, Md.] /. Nat. 
Cancer Inst., 6:49-60. 1945. 

The catheptic activity of several tumors and of normal 
tissues from both tumorous and nontumorous mice was 
determined according to their ability to liberate tyrosine 
from a 2.5% solution of hemoglogin at pH 3.5. This 
enzymic activity was considered in the light of the his- 
tologic appearance of the tissue used. In general, catheptic 
activity of the spontaneous neoplasms was higher tha: 
that of many of the transplanted induced neoplasms. At- 
though no correlation was found between tumor size or 
rate of growth and enzymic activity, this activity could 
be related to the amount of necrosis or connective tissue 
present. In the case of hepatomas, the activity was found 
to be higher than that in the tissue of origin; 7.¢c., normal 
liver. In tumors for which such comparisons could not be 
made, the highest catheptic activities were found to ap- 
proach that of lymphoid tissues. Although the systemic 
effects of the neoplasms upon the host organs varied, an 
increase in catheptic activity was often found, usually 
concomitant with leukocytic infiltration, extramedullary 


hematopoiesis, or both, involving the organ tested.-— 
R. A. H. 


Essai sur l’influence de l’administration de tissu 
conjonctif sur le développement du cancer, chez la 
souris. (Note préliminaire.) [The Influence of 
Feeding Connective Tissue on the Development of 
Cancer in the Mouse. (Preliminary Note.)] Graess- 
NER, K. [Univ. of Vienna, Vienna, Austria] Bull. Assoc. frang. 
p. l'étude du cancer, 29:188-191. 1940-1941. 


This is a preliminary report of an experiment on the 
effect of the administration of connective tissue (0.1 gm. 
powdered beef tendon daily) in the diet of mice subse- 
quently inoculated with Ehrlich carcinoma. (a) Tumor 
weights 18 days after inoculation were 22 gm. in 44 mice 
that had been fed the tendon for 25 days, and 29.4 gm. in 
42 controls. (b) Tumor weights 14 days after inoculation 
were 17.2 gm. in 40 mice that had been fed untreated 
beef tendon powder for 51 days, 54.0 gm. in 40 mice 
that had been fed pepsin- and HCl-treated beef tendon 
powder for 5] days, and 65.2 gm. in 42 controls. (c) Tu- 
mor weights 8 days after inoculation were 19.6 gm. in 70 
mice that had been fed untreated beef tendon powder 
for 56 days, and 34.0 gm. in 68 controls. It is concluded 
that the administration of connective tissue confers some 
resistance against experimental cancer in mice.—G. H. H. 





Some Nutritional Factors Influencing the Origin 
and Development of Cancer. Morris, H. P. [Nat. 
Cancer Inst., Bethesda, Md.]| J. Nat. Cancer Inst., 6:1-17. 1945. 

The author reviews some of the literature dealing with 
the effects of nutritional factors upon the development 
of several types of tumors. He points out that whereas 
the feeding of riboflavin delays the development of 
hepatomas induced by azo dye in rats, it appears to in- 
crease the incidence of spontaneous mammary cancer in 
mice. Also, although increasing dietary fat facilitates the 
production of epithelial tumors by carcinogenic hydro- 
carbons, it apparently inhibits the induction, by benzpy- 
rene, of sarcomas in mice and has no effect upon induced 
sarcomas or spontaneous breast carcinomas in rats. It 
is concluded that the mechanism by which caloric restric- 
tion reduces the incidence of mammary cancer is most 
probably hormonal in nature, one important factor being 
a suppression of estrogen production effected via a de- 
crease in pituitary gonadatropin. On the basis of these 
and other data cited, it is stated that, “The effects of 
nutritional factors involved in the origin of experimental 
cancer are so variable that it seems impossible at the 
present time to form any general conclusions; but rather 
each specific tumor in several species must be studied 
individually under many different sets of dietary condt- 
tions before any broad generalizations can be made.”’— 


R. A. H. 


Effects of Cystine and Calorie Restriction on 
the Incidence of Spontaneous Pulmonary Tumors 
in Strain A Mice. Larsen, C. D., and Hesron, W. E. [ Nat. 
Cancer Inst., Bethesda, Md.| /. Nat. 6:31-40. 
1945. 

Groups of weanling strain A mice were placed on 4 
different diets: dog chow fed ad libitum (control), a 
high cystine-low protein diet fed ad libitum, a high 
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cystine-low protein diet fed in restricted amounts, and 
a low cystine-low protein diet fed ad libitum. The mice 
were killed when 14 or 17 months of age, and the lung 
tumors tabulated. The differences in the percentage of 
tumors trom group to group were in the same direction 
as the differences in the average weights of the mice, 
the incidence being highest in the mice maintained on 
dog chow and lowest in those fed the low cystine diet. 
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The incidence of tumors in the female mice maintained 
on each of the 3 experimental diets differed from that 
in the chow-fed females to the same degree of signifi- 
cance, while that in the male mice on the 3 experimental 
diets varied in the same direction as the average weight 
and was not always significantly different from that in 
the chow-fed Absence of statistically significant 
differences in pulmonary tumor incidence in the groups 
fed equal quantities of the high cystine-low protein and 
the low cystine diets indicates that cystine per se does not 
affect the genesis of pulmonary tumors.—R. A. H. 


males. 


The Carcinogenicity of p-Dimethylaminoazo- 
benzene in Diets Containing the Fatty Acids of 
Hydrogenated Coconut Oil or of Corn Oil. Kune, 
Bb. E., Mitvter, J. A., Ruscu, H. P., and Baumann, C. A. 
|Med. Sch., and Coll. of Agric., Univ. of Wisconsin, Madison, 
Wis.| Cancer Research, 6:1-4. 1946. 

Ten groups of 15 rats each were fed various lipids in 
synthetic diets containing 0.06% p-dimethylaminoazo- 
benzene for 4 months followed by the dye-free diets for 
2 more months. When 2.4% of lauric acid or 4.7% of 
the fatty acids of hydrogenated coconut oil was fed, no 
liver tumors developed by 6 months. If, however, these 
lipids were replaced by 5% of corn oil or by 4.8% of 
the fatty acids of corn oil, the tumor incidences at 6 
months were 80 and 53% respectively. The presence of 
5% of olive oil or 4.5% of oleic acid in the diet per- 
mitted incidences of tumors of from 33 to 53, and 87% 
respectively at 6 months. Twenty per cent of the rats 
fed a diet free of added fat developed hepatomas within 
this time.—Authors’ abstract. 








Certain Effects of Dietary Fats on the Produc- 
tion of Liver Tumors in Rats Fed p-Dimethylamino- 
azobenzene. Kune, B. E., Mituer, J. A., Ruscn, H. P., and 
BAUMANN, C. A. |Med. Sch., and Coll. of Agric., Univ. of 
Wisconsin, Madison, Wis.| Cancer Research, 6:5-7. 1946. 

Six groups of 15 rats each were fed 0.06% p-dimethyl- 
amincazobenzene for 4 months in synthetic diets con- 
taining: no fat, 5% of corn oil or olive oil, or 20% of 
corn oil, Crisco, or lard. The dye-free diets were then 
fed for 2 more months. A final incidence of liver tumors 
of 23% was produced by the low fat diet as compared 
to 94 and 53% respectively when the diet contained 5% 
of corn oil or olive oil. When 20% of corn oil was fed, 
large tumors were palpated before 4 months, and the 
incidence of tumors at this time was 100 per cent. When 
20% of Crisco or lard was fed, the incidences of tumors 
at 6 months were each 87%. These 2 groups were most 
comparable to the group fed 5% of corn oil. The data 
demonstrate that in general p-dimethylaminoazobenzene 
is more carcinogenic when the diet contains fat and 
further show that the incidence of hepatomas is higher 
in rats receiving a diet containing 20% corn oil instead 
of 5%. It is therefore apparent that the level of fat in 
the diet as well as the type of fat is important in affect- 
ing the formation of hepatic tumors induced by 
p-dimethylaminoazobenzene.—Authors’ abstract. 


L’immunisation active contre la leucémie des 
poules. Prenmiers résultats. [Active Immuniza- 
tion Against Fowl Leukemia. Preliminary Results. ] 
Roussy, G., Guérin, M., and Guérin, P. [Cancer Inst., Paris, 
France|] Presse méd., 51:645-646. 1943. 


Resistance to an erythroblastic leukosis of fowls (trans- 
missible by intravenous injection of blood from affected 
animals) was obtained by injections of modified whole 
leukotic blood. When blood heated at 56° and 37° C. 
was used, 45% of the animals were rendered resistant. 
After glycerinated blood injections, there were no takes 
in 66.5% of the animals; after formolized blood, in 
70% .—C. A. 


Hérédité du lymphosarcome de la Souris. Croise- 
ments de vérification. [Heredity of Lymphosarcoma 
in the Mouse. Verifying Crosses.] Mercirr, L. Compt. 
rend. Soc. de biol., 135:318-320. 1941. 

Further genetic data are presented on a_ lymphosar- 
coma of the mouse, susceptibility to which has previously 
been reported (/did., 124:403. 1937) to 


Mendelian recessive. —G. H. H. 


behave as a 


Genetic Analysis of the Induction of Tumors by 
Methylcholanthrene. VIII. Two Mutations Aris- 
ing in Mice Following Injection of Methylcholan- 
threne. Srronc, L. C. | Yale Univ. Sch. of Med., New Haven, 
Conn.| Arch. Path., 39:232-236. 1945. 

In the first part of this series of studies, 2,000 unselected 
mice (NH strain) in the early hybrid generations (F, to 
F.) were given a subcutaneous injection of | mgm. of 
methylcholanthrene in 0.1 cc. of sesame oil at 60 days of 
age. In the second part, mice that were selected toward 
resistance to the induction of tumor at the injection site 
(2,000 NHO strain mice) were observed. The hybrid 
mice of the NHO strain from F,, to F,, were divided 
into 5 sublines depending on coat color. The piebald sub- 
line proved 10 to 15% less susceptible to the local carcino- 
genic action of methylcholanthrene than did self-colored 
mice, and crosses indicated that a recessive gene on the 
piebald-tagged chromosome is responsible. However, in 
one descent of the brown nonagouti piebald subline, this 
reduction in susceptibility no longer occurs. It is stated 
that further tests for linkage show that this loss of re- 
duced susceptibility is due to a mutation, presumably at 
the site of the old gene (for local susceptibility to in- 
duction of tumors) on the piebald-tagged chromosome. 
Another subline shows a greater susceptibility among 
females than among males to local methylcholanthrene 
carcinogenesis, in contrast to the lack of sex difference 
in this respect among the first 2,000 mice of the NHO 
descent; a mutation on the X chromosome is _ believed 
responsible for the appearance of the sex difference in 


the subline —M. H. P. 


Vascular Reactions of Normal and Malignant 
Tissues in Vivo. I. Vascular Reactions of Mice 
to Wounds and to Normal and Neoplastic Trans- 
plants. Atrocire, G. H., and CHarxiey, H. W. [Nat. Cancer 
Inst., Bethesda, Md.] J. Nat. Cancer Inst., 6:73-85. 1945. 

The vascular reaction in wound healing and in trans- 
plantation of normal tissues, of mammary carcinoma, and 
of sarcoma 37 was determined quantitatively by means of 
the transparent window technic. These studies showed 
that in wound healing capillary ingrowth began on the 
fourth day, and the vascularity of the wound area reached, 
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This article presents a general review of the aims and 
attainments of a research project on the precancerous 
lesions produced by methylcholanthrene in mouse epi- 
dermis.—R. B. 


and was maintained at, that of the surrounding tissue on 
the eighth day. The transplantation of normal connective 
tissue gave essentially similar results, but when normal 
liver was transplanted its vascularization exceeded that 
of the surrounding tissue by the seventh day, reached a 
maximum equal to twice that of the surrounding tissue 
on the eleventh day, and receded to the “normal level” by 
the fifteenth day. Transplanted malignant tissue called 
forth a vascular response similar to that of normal liver 
tissue until the tenth to eleventh day when, instead of 


The Barnard Free Skin and Cancer Hospital Re- 
search Report for 1944. Cownry, E. V. [St. Louis, Mo.| 
J. Missouri M. A., 42:495-501. 1945. 

A report on the activities of the hospital, including 
publications, lectures, administrative and financial aspects 








returning to normal levels, the degree of vascularization re- 
mained at a high level as long as observations could be 
continued (16 to 18 days). The possible importance of 
this abnormal reaction of vascular tissue to tumor trans- 
plants is discussed. It is suggested that the malignant cell 
differs from the normal one primarily in its capacity to 
elicit continued growth of new capillary endothelium from 
the host.—R. A. H. 


L’atypie cellulaire dans les sarcomes provoqués 
par le méthylcholantréne chez les Muridés. Note 
préliminaire. [Atypical Cells in Sarcoma Induced 
by Methylcholanthrene in Muridae. Preliminary 
Note.}] Aruias, M, and Furrapo Dias [Portuguese Inst. of 
Oncology, Lisbon, Portugal] Bull. Assoc. frang. p. l'étude du 
cancer, 29:90-93. 1940. 

The origin and significance of these giant cells (some- 
times 150 u long), as seen in sections and tissue cultures, 
are discussed.—G. H. H. 


Microscopic and Chemical Properties of Pre- 
cancerous Lesions. Cowpry, E. V. [Washington Univ. 
Sch. of Med., St. Louis, Mo.] Sctence, 102:165-168. 1945. 


of the research policy, and advances in research projects 
on the talcum hazard in surgery, the properties of pre- 
cancerous lesions, the chemical analysis of cancer, and 
the influence of hypersensitivity, age, and radioactive 
isotopes on carcinogenesis.—M. E. H. 


The Causes and Nature of Cancer. Lorn, L. | Wash- 
ington Univ., St. Louis, Mo.| Colloid Chem., 5:995-1050. 1944. 

A review with 68 references. Among the subjects dis- 
cussed are: transplantation of tumors; the biochemical 
constitution of cancer tissues; heredity in cancer and its 
interaction with hormones and the milk factor; the stimu- 
lating factors; age and cancer; the effect of nourishment 
on the development and growth of tumors; and viruses, 
somatic mutations, and graded cell changes as causes of 
cancer.—M. H. P. 


Cl. Regaud (1870-1940). Ses travaux sur le 
cancer. [Cl. Regaud (1870-1940). His Work in 
the Field of Cancer.] Lacassacne, A. Bull. Assoc. frang. 
p. l'étude du cancer, 29:216-222. 1940-1941. 

A memorial review of the work of Claudius Regaud, 
with a portrait photograph.—G. H. H. 


Clinical and Pathological Reports 


Clinical investigations are sometimes included under Reports of Research 


RADIATION 


Depth Dose Measurements at 400 Kilovolts. 
Jacopson, L. E. [Montefiore Hosp., New York, N. Y.| Radi- 
ology, 44:273-279. 1945. 

Curves and tables for depth doses for 400 kv., half- 
value layer 4 mm. Cu, in a “presdwood” phantom are 
given for various fields. These are found to represent 
about the average of measurements reported by other 
observers.—R. E. S. 


A Contribution to the Treatment of Post-Irradi- 
ation Necrosis. Mosrrry, J. E. [Bellevue Hosp., New 
York, N. Y.| Radiology, 44:262-265. 1945. 

Two severe cases of post-irradiation necrosis were 
treated with estrogenic ointment (Menformon Dosules) 
with complete healing of the ulcers. The rationale for 
such treatment seems to be the vasodilating effect of 
follicular hormone plus its selective, growth-promoting 
action.—R. E. S. 


Roentgen Therapy of Hemangioma of the Larynx 
in Infants. Kasasacnu, H. H., and Donan, C. P. [Presby- 
terian Hosp., New York, N. Y.| J. Pediat., 26:374-378. 1945. 

The tumor dose that proved to be adequate in the 2 


cases reported was 1,200 r given in less than 3 weeks; 
x-ray therapy of 200 kv. administered to children less than 
| year of age may cause regression of the growth. Pre- 
liminary tracheotomy is indicated. Should irradiation 
fail, surgical removal preferably by thyrotomy must be 
considered.—M. E. H. 


CANCER CONTROL AND PUBLIC HEALTH 


The Organization and Results of Health Mainte- 
nance-Cancer Prevention Clinics. Scuram, M. W. S. 
[Internat. Cancer Research Foundation, Philadelphia, Pa.]| 
J. A. M. A., 129:275-277. 1945. 

The International Cancer Research Foundation has es- 
tablished in the city of Philadelphia a series of clinics for 
the conservation of health, where complete physical 
examinations are given with special emphasis on condi- 
tions that may lead to cancer. This has been done on an 
experimental basis and for a 5 year period. The major 
part of the paper discusses the organization of the clinics. 
Up to December 1, 1944, just under 5 months of service, 


919 examinees have been seen. Among 616 patients re- 


ferred for medical or surgical care, 9 malignant lesions 
were discovered.—M. E. H. 
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